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Studies on Avian Encephalomyelitis. 1. Egg Adaptation 
of the Virus 


F. W. SUMNER, B.S.; E. L. JUNGHERR, Vet. Dipl., D.M.V.; 
R. E. LUGINBUHL, M.S. 


Storrs, Connecticut 


VARIOUS ATTEMPTS have been made to adapt — view of the delicacy of the intrag 


the virus of avian encephalomyelitis (Ag) to Chicken embryos, an attempt was mad 
the embryonating chicken egg. Van Roekel — "¢ Virus to the chicken embryo using 
et showed that chicks hatched from TM work Is deseribed her 
eggs inoculated at the beginning of the in — » Meruos 

cubation period, or chicken embryos inocu 
lated at 10 to 12 days of age, developed the ema Pgme: 
disease, and also showed that hatchability on 

of the inoculated eggs was lowered Sterile n ri wed to « 


Kligler and Olitsky ind Jungherr and inard * membrane the embr 


found that the chorioallantois was not an effective tuberculin syringe with a 1.5-ineh 

route for transmitting the disease to embryo The wit ised for inoculation The egg 

latter authors were successful in hatehing chicks with Seotch cellophane tape 

showing signs of ak from chicken embryos Dhiluent Sodium phosphate buffered 

lated by various routes, namely, the yolk sae, intra logical iline solution, 

venously, and intracerebrally Feibel et al? were the diluent 

unsuccessful in producing lesions on the echorio Kmbryos Nine embryos were 

allantoie membrane with 10°* minimum ehick in used. Our regular souree of wis the poults 

fective doses of virus. The same quantity of virus department of the Universit if Conneeticut, The 

failed to infect after intra-amniotic injection. Re breed wa Columbiatr ti flock wa re 

peated zig-zag, chicken embryo passages did not placed b i four-wa 

alter the virus sufficiently to permit adaptation by Inoculum The ised 

the amnioallantoie route. Nine or 10-day-old em for this work wa ‘ ehieh 

bryos, inoculated by the intracerebral route b passage from Dr, Henry toekel of the Uni 

Hammar, had a lower rate of hatchability than ity of Massachusetts and had indergome | 

embryos inoculated with normal tissue ispensions chick passages in this laboratory. It was prepared 

This route of inoculation produced a high pe ent by adding 9 ml. of diluent to each gram 

ige of incidental deaths fected brain, The mixture was put in a g 

Since Feibel et al? found iat i intraocular partially filled with glass bead ind shaken in 

intrabulbar) route was effective in transmitting Kahn shaker at 4C. for two hours (Feibel et al 

chiceker : It was then pensed in tubes and frozen at 
When needec material was thawed and 


d at for ten minute Phe 


the disease to suseeptibl idult 


itant fluid was used as the souree of viru 
ime procedure was employed for preparing 


sues for inoculation but ti iru 


lant 
forn 
| 
\ 
eentrif 
& 
torr 
reel ol col té if 
t tior rted it rt tl 
nad i t | en meter 
fl er the embrvo above the re 
‘ ind M 
of the + thennat sh 
‘ ‘ \ thout is to the he 
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darkened 
Just prior to inoculation, the cut area wa 

with 70 per cent ethyl that 
of the shell and its 


room 
vabbed 


lation was done in a partially 


aleohol and portion 
removes \ 
that the 


membrane were 


microscope substage lamp vus set up 
egg to be inoculated could be set on the lens and 
the operator could look into it through the opening 
\ drop of 


the inner 


sterile mineral oil was then placed on 


shell membrane, The candling lamp was 


inoculation Was aecomplished with 
into the eve of the 


0.05 


turned on and 
i sharp thrust of the 
embryo. The 


mi, Finally, the egg was resealed with Seoteh tape 


amount of the inoculum was 


ind reineubated at 47 ¢ The eggs were candled 
twice daily, once in the morning and again late 
in the afternoon 

Controls inoculated and noninoculated 
controls were used The inoeulated controls re 


ceived cither buffered physiological saline solution 


or a 10° dilution of normal embryonic brain and 


eye material 


Virus- Neutralization Teast The virus-dilution 
method was employed, The virus was diluted in 
tenfold serial dilutions from 1:5 to 1:500,000° go 
that, when an equal amount of undiluted serum 
wis added, final virus dilutions of 10° througl 


10° were obtained. No preliminary incubation of 


Titration end 
method of 


this mixture was practiced points 


ere caleulated according to the Reed 

md Mueneh 
Chorioallantou Rout The egg 

was candled and a small hole drilled about 


base of the air cell The hole was 


Chamber (cae 
mn 
above the 


wabbed with tineture of jodine and inoculation 


accomplished by piercing the chorioallantoie mem 
brane with a Vy ineh, Opa needle to a depth 
of about inch, Previous experience had indi 
cited that the amniotic sae was not reached by 
this method. After injection of 0 ec, of inocu 
lum, the hole was swabbed with 70 per cent ethy! 
Heohol and resenled with Dueo aeroplane cement 


Krom the first to the sixth day after in 
octlation, the embryos appeared essentially 
normal on candling. From the seventh to 
the tenth day, an increasing sluggishness 
was observed until there was no movement 
at all and the embryos finally died. On 
opening, the embryos appeared stiff and 
emaciated, The eyes appeared normal 

In 15 subsequent embryo passages, the 
Satine pattern of embryo changes Was seer, 
Not all embryos died prior to the termina 
tion of the incubation period. Beeause of 
this, the test was allowed to continue until 
death or for nine days postinoeulation 
There were varying intensities of the above 


described signs, especially when titrations 


Manufactured by the Amer in Optical Co Huffalo 
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were done. To standardize the reading of 
the test, three degrees of embryonic in 
volvement were recognized, namely (a) 
sluggishness, if the embryo could not move 
its legs but could still swallow; (b) inae 
tivity, if it could not move at all but was 
still alive as determined by persistent heart 
(c) death, if 
candling 


no chorioallantoic 
None of 


the control embryos showed such signs. The 


beat; and 
veins were visible on 
corresponding histopathological changes in 
the embryo have been deseribed by Jung 
herr et al” 

Virus suspensions of brain and eye con 
to 10° 

in 0.05 ml 


tained from 
€.1.d.56 
separate titrations made on brain, eye, and 
fluid (AAF) from infected 
10°", and 10°” e.1.d.59 were 
The 
present in the embryonic viscera 
Attempts were made at cultivating the 
virus in the cac. Undiluted, infeeted 
AAF from intraocularly inoculated embryos 
The pattern of 


embryo infective 
doses of moculum In 
amnioallantotie 
embryos, 10° 


obtained, respectively virus was also 


served as the inoculum 


changes was the same as was seen when 
using the intraocular route. Fifteen such 
passages were made Infeeted AAF was 
titered intraocularly to test for the pres 
ence of the virus at two, four, six, and 
eight days after inoculation. Virus was 


present on each day on which tests were 
made table J the 
10°" @.1.d.50 found on 
which 
than 


maximum amount 
the eighth 
virus 
intraocular 


being 
fact 


Was the for 


day, indicated lower 
potency 
passage 
After the egg source 
ce partment 
flock the 


the virus appeared to decrease 


was changed from 
flock to 
virulence of 


the original 
the four-way 


poultry 
CTOSS 
infee 
The 


pathogs of the virus for 


and 
urred 


longer one 


tion by the Cac no 
decrease in 


embryos was also observed on intraocular 


titration of infected brain and eye sus 


although complete loss of 
did not 
Titration of the viru 


potency 
enstile 
in embryos from 


Amnioallan 
Harvested at 


TABLE 1—Intraocular Titration of 
toic Fluid-Propagated AE Virus, 


Different Days Postinoculation 
Dilution f 
Day ha 

ted 

sted 


| 


TABLE 2—Comparison of the AE Virus-Neutral- 
ization Test in Chicks and in Chicken Embryos 


ks Embryo 
Virus Virus 
and and 
ition Virus serum Vir rut 
10 10/10 1/4 
1O/10 1/4 1 
6/10 i/4 1/4 
l 10 i/4 1/3 
10 10 o/ie 1/4 4 
10 4 14 

10 O/4 

Titer 10 10 10 10 

itralizis 

six other sources showed the same effect 


Results of titrations appeared erratic, no 
gradient of embryonic infection with grad 
uated doses of virus being evident in em 
bryos from these flocks, as distinet from 
that from the 
flock 


To show that Ar® virus was present after 


seen in embryos original 


embryonic passage, pathogenicity tests 
were run in chicks using infected embryo 
tissues. Birds inoculated intracerebrally, as 
well as intramuscularly and by the wing 
web method, became ataxic seven days post 
inoculation. Brains of affected birds showed 
lesions of AE On microscopic examination 

A further control making 
serological tests. Serums from birds which 
had recovered from experimentally induced 
AE inhibited infection in embryos and con 
from 500 to 5,700) neutralizing 
The virus-neutralization (VN) test 
Was more sensitive in embryos than it was 


consisted of 


tained 
doses. 
in chicks; one serum contained 5,700 pro 
tective doses for embryos and only 27 for 
chicks (table 2), another contained 4,500 
protective doses for embryos and 13. for 
chicks 


DISCUSSION 


The seemingly complicated technique 
used for cultivating the virus of ar by the 
intraocular injection of the chicken em 
bryo became quite simple and rapid with 
practice. For example, 4 or 5 
could be prepared simultaneously and in 
oculated without interrup 
Cultivation by the cac route was also 


embryos 


consecutively 
tion 
possible but titers were not so high as for 


AVIAN ENCEPHALOMYELITIS 


719 


intraocular inoculation. Fifteen ca¢ 
sages have been carried out so far 
Variations in titers of a standard aK vi 
rus in embryos from different sources have 
is known that in certain 


pais 


been observed. It 
diseases of fowl, immunity is passed from 
the hen to the embryo. In view of this, it 
would not be difficult to understand why 
the titer of ake virus should vary among 
embryos from various flocks of chickens 
The immunization results reported by 
Schaaf and Lamoreux® would likewise sup 
port a concept of passive immunity in in 
fected flocks, The differences in resistance 
of chicken embryos from various sources 
to AE virus propagation will be the subject 
of another report 

In view of the 
served, it 


Variations in titers ob 
that a 
for immunological studies is a supply flock, 
the embryos of which show a high virus 
titer and thereby indicate susceptibility of 
the flock 

Kor 
bryos offer certain advantages over chicks 


can be seen prerequisite 


research work with AE virus, em 
Eggs are more easily cared for and less 
The vn test 


sensitive in embryos than in chicks 


more 


expensive seems to be 
is saved, nine days being the length of time 
while 14 to Us 


days is required for a similar test in chicks 


needed for a test in eggs 


The large amount of virus of known po 
tency provided by embryos may be useful 


for vaccine studies 


SUMMARY 


virus of 
achieved by 


Kye adaptation of the avian 


encephalomyelitis has been 
chicken em 


artifi 


intraocular inoculation of 


Convalescent from 
infected 


infection 


bryos servi 


Clally birds embryos 
| 


against to a vreater extent than 
it did chicks. Nine days were needed for 
in embryos as compared with 14 
Most of the flocks 


partially resistant em 


a test 
to 28 days in chicks 
tested produced 
bryos, indicating that, for successful lab 
work, the supply flock 
It was possible 


oratory embryo 
must be chosen with care 
to infect the embryo via the chorioallan 
infected 
and infected 
fluid from other embryos 


toi¢ chamber with brain and eye 


suspensions amnioallantoic 
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Studies on Avian Encephalomyelitis. 11. Flock Survey for 
Embryo Susceptibility to the Virus 


F, W. SUMNER, B.S.; R. E. LUGINBUHL, M.S.; E. L. JUNGHERR, Vet. Dipl., D.M.V. 


Storrs, Connecticut 


IN srupies with the egg-adapted strain of 
avian encephalomyelitis (AE), it was found 
that the end points of virus titrations in 
embryos differed markedly with eggs from 
different sources.'” This suggested a change 
in the pathogenicity of the virus since high 
titers had been obtained consistently dur 
ing 14 passages, over a period of eight 
months, in embryos from the original 
source. Errors in technique and storage 
were believed to be of minor importance mW 
explaining this phenomenon. The lowered 
pathogenicity was tentatively ascribed to 
differences in susceptibility of the embryos 
To test this hy pothesis, 46 eggs were col 
lected from each of more than 100 flocks of 
chickens, These eggs were incubated for 
1] days at 37C., and the embryos chal 
lenged with graduated doses of the virus 


MATERIALS AND METHODS 


The 


adapted to the chicken embryo by 


that 
intraoeular in 


Virus strain of AK virus used was 


jection and stored as deseribed 


Virus Titration._-Tenfold serial dilutions of the 


virus from 10° through 10° were prepared in 
phosphate buffered saline solution (Pp Six, 
ll-day-old ehicken embryos were used per dilu 
tion, The amount of the inoculum was 0.05 mi. 


per intraocular injection.” Deaths occurring ear 


lier than six days postinoculation were classified 


us incidental, Reading of the test was based on 


degrees of embryonie inactivity,” and end points 
were calculated according to the method of Reed 
and Mueneh.” 

eggs were collected from 


Connecticut, two 
flocks 
the eggs 
flocks and reported no diffieulties with at 


Connecticut and Illinois, In 


hatcheries and nine miscellaneous 


supplied 


hatchery reeeived from 18 
supply 
The other hatchery also had 18 contributing tlocks 
ind reported that Ak-affeeted chicks had been pro 


duced for two months prior to testing. It was not 


possible to determine exactly which flocks supplied 
From the Department of Animal Diseases, Storrs Agri 
cultural Experiment Station, Universit of Connecticut 
Storrs 
This investigation was supported in part b grant 
HI71(C4) from the National Institutes of Health, U.S 
Public Health Service, and by a grant from the American 


Poultry and Hatchery Federation 


The authors are indebted to Helene P. Matterson for 


drawing the graphe 


the hatchery responsible for producing the affected 


chicks. For the nine miscellaneous flocks, there 
was no definite history of Ag. 
In Illinois, one hatehery supplied eggs which 


had been produced by 72 flocks. At the time of 
the tests (Sept., 1956), 14 of flocks 
being used for hatchery purposes, ten of 
had produced ag-affected chicks 
the flocks were composed of pullets 
had not been hatched 
history could be obtained. The remaining 11 flocks, 
which represented the hatchery’s pedigreed stock, 
likewise had no known AE history 

Virus dilutions were 


these were 
which 
Forty seven of 

Since chicks 
flocks, no AF 


from these 


Virus-Neutralization Teast. 
prepared as stated.” Of the materials tested for 
antibodies, serum was used undiluted, and yolk as 
a 1:1 dilution in pes. Adult 
from birds of the flock being 
from 2-day-old chicks was 
Equal amounts of yolk from 20 eggs formed the 


serum was pooled 


tested, and serum 


pooled from 20 birds. 


yolk pools. 
RESULTS 


Titration end points of the virus of AE 
in embryos from 119 flocks of chickens 
ranged from to 10°*, examples of 
which are shown (table 1). The outstand 
ing feature of these titrations was the ex- 
cessive number of what Reed and Muench * 
termed “‘accidental’ survivals and deaths,” 
when titers were low. In sample titration 4 
(table 1), 1 of 3 of the embryos inoculated 


TABLE i—Sample Titrations of AE Virus in 
Embryos of Different Degrees of Susceptibility 
Virus dilution 
Sample 10 10 10 10 10 10 Titer 
1/4 1/4 1/4 1/4 
1/4 1/4 1/4 1/2 1.0 
l i/4 2 
showed signs of Ag, such as sluggishness 


defined in the preceding paper), at a vi 
rus dilution of 107; none of 4 did so at a 
dilution of 10%; 1 of 4 at a dilution of 
104; and 2 of a dilution of In 
the few cases where uniform virus growth 


at 


higher were ob 


table 1 


occurred, titers of 10° or 
tained (sample titration 1, 


720 | 


To avoid a complicated table, the results 
of titrations of the virus in embryos from 
119 flocks are summarized (graph 1). Of 
these titrations, 54 had end points between 
10 * and 10%, four had end points as high 
as 10°, and only one had an end point 
below 

Fourteen of the flocks supplying embryos 
(all from Illinois) had histories as to their 
AE status. Ten flocks had produced at 
affected chicks. Four had not, but two of 
them supplied embryos in which virus titers 
of 10% or above were obtained. None of 
the ten flocks which had produced ar-af 
fected chicks supplied embryos in’ which 
the virus titer was higher than 10°°°. At 
the time eggs were collected for the tests, 
most of the ten flocks were still producing 


ak-affected chicks; those that were not had 
only recently stopped 
Since the above described results indi 


cated that the decrease in virus pathogen 


observed was due to variations 


suscept ibility, 


ity first 


in’ embryo immunological 


studies on this point seemed advisable 


These studies, concerning transference of 
immune bodies from hens to their progeny 
by way of yolk, were based in part on the 
work of Brandly et al.' on Neweastle dis 
ease, and Jungherr and Terrell ® on infee 
tious bronchitis. Virus-neutralization tests 
on serum from two flocks which produced 
embryos of widely separated degrees of sus 
ceptibility to the virus, and on yolk and 
serum from their progeny, were conducted, 
the results of which are shown (table 2) 

In embryos from one of the flocks (A), 
virus titers of 10 or higher were obtained, 
while in embryos from the other (B), titers 
were no higher than 10°'*. Yolk from eggs 
produced by flock A, and adult serum from 
this flock, did not inhibit virus growth 
Conversely, yolk from eggs produced by 
flock B, serum from 2-day-old flock B prog 
eny, and flock B adult serum inhibited virus 
growth. 

Immunological studies were not yet com 
pleted when it was observed that flock A 
had started producing embryos of increas 
ing resistance to with AE virus 
(graph 2). From the history of this flock, 
it was found that, just prior to the time the 
which first gave the lowered virus 
titer were produced, a drop in egg produe 
tion had occurred (graph 2). Virus titers 
in embryos from this flock continued on a 
downward trend 


infection 
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Graph 1—Titers of avian encephalomyelitis virus 


in embryos from 119 flocks. Figures on curve 

indicate number of flocks representing approxi 
mate titer range 

Chicks from flock A, which were to bi 


used for pathogenicity tests, were hatched 
from eggs produced during the lowest level 
They 


with 


were all inocu 
AK virus. At 
chick 


Since this premature develop 


of egg production 
lated 
four days postinoculation, 1 


intracerebrally 
showed 
signs of Al 
ment of signs was unusual, the chick was 
killed and a brain section was made which 
showed histopathological changes charac 
teristic of AI 


DisCcUSSION 


Evidence gathered from 119 virus titra 
from that number of 
most flocks produced 
infection 


tions embryos, 
flocks, showed that 
embryos somewhat 
with Ae virus. This may account for the 
lack of success reported by other work 
ers 7451215 in attempts to cultivate the 
virus in the embryonating chicken egg 
Preliminary immunological studies indi 


resistant to 
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Graph 2-——Avian encephalomyelitis virus titers in 
embryos from a flock which experienced a dip in 
egg production 


| 


122 SUMNER 


TABLE 2—Comparative AE Virus Titrations 
with Materials from Flocks A and B 


Virus titration 
Flock A I k I 
10 * 10 
Yolk inincubated ¢ l 
Yolk old embry 10 
erun day old chic 10 
erum, adult 
titration except t on ere dor ! mbryo 
flock \ dor 


cated that variability of at-virus titrations 
in embryos from different sources might be 
due to parental immunity 

Kvidence supporting this hypothesis fol 


lows 

a) Virus titers in embryos from flock A’ regu 
renched and higher No neutralization 
of the virus by olk from eggs produeed by this 
flock, or by adult serum, took place 

4b) Virus titers in embryos from flock were 
regularly low (10 or lower Neutralization of 


the virus occurred with yolk 
by this flock, 
erum from adults 

‘ Flock A drop in egg 
tion, after which continually decreasing virus 
(graph 
infection of 


from eggs 


produced 
serum from progeny, and 
produc 
titers 
Sines 


experienced 


embryos 
that 


were obtained its 
Taylor eft al 
flocks 
egg production, it is postulated that the 


reported laying 


with AK may be accompanied by a drop in 
increased 
resistance of flock A embryos was duc 
of the stock 


natural oeeurrenee of 


fo immunity 


purent developed in response to a 


this disease That the 
an AF infeetion is 


i chick, hatehed 


level of 


production drop was eaused by 
further supported by the faet that 
from an egg produced during the lowest 


ege production, which was being used in an At 
with 
After intracerebral 
taken at least 


to develop and the 


pathogenicity test, came down signs of AF 


at four days’ postinoculation 


inoculation, it has usually seven 


days for signs of infection 


was believed to have been caused by passage of 


the virus through the egg 


d) In embryos from flocks of chickens whieh 
were known to have produced Ak-affeeted chicks, 
virus titers of 10 or lower were obtained. No 


AK history was evident in flocks which produced 


embryos allowing titers as high as 10 The line 
of division between resistant and suseeptible flocks 
is not known, and the actual incidence in the field 


may depend on risk of exposure 


The passive immunity to AB apparently 
differs from passive immunity to New 
ln the latter instance, im 
munity does not seem to protect embryos 
until they are 15 days old.’ Similarly, 


castle disease 


eggs containing passive antibodies for in 
fectious 
resistant 


appreciably 
infection than 


bronchitis are not 


more to artificial 
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lacking these antibodies.” It is pos 
sible that passive immunity has more time 
to exert an effect in at the incuba 
tion period in eggs is at least six days, as 
compared with three days for the virus of 
Newcastle that of 
bronchitis work 1s 


subject 


since 


infectious 
this 


and 


disease 


More 


needed on 


It is not known what embryonie virus 
titer indicates protection against ag. Ae 
cording to some poultrymen, a flock of 
chickens which has produced ag-infected 


Titration 
end point alone is not sufficient to demon 


chicks once will not do so again 


strate protection As shown table 1] 

there was an overbalance of “‘accidental 
survivals and deaths when titers were 
low. The significance of this overbalance is 


Those 


that, in an 


under 
to indicate 
all hens 
able by this test 

The relatively 
embryos, from a majorits of 
to indicate that 
widespread in the field. Tin 
flocks tested (69% had oo 
but produced embryos resistant to 


findings seem 


flock, not 


mnvestigation 
are immune to a measur 


degree 
low titers obtained in 
flocks, seem 
with AE virus Is 
fact that most 
history of AE, 
the 
supported the Taylor 
et al." who pointed out that floek infeetion 
in adult birds is mild 


infection 


Virus, findings of 


SUMMAR 
The 


(Al Was 


virus of avian encephalomyelitis 
titrated 119 


Only four flocks produced embryos 


in embryos from 
Hocks 
which permitted uniform virus growth to 
titers of 10° 


demonstrated in 


Virus-neutralizing substances 
adult 


and serum of progeny from a flock whose 


were serum, yolk, 


embryos gave virus titers of 10'* or lower 
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AVMA Research Fellowships Available 


The Research Council of the AVMA announces the availability of a number of fellowships 
for postgraduate training for the academic year, 1958-1959. 


The recipient of a fellowship must be a veterinarian and a citizen of the United States or 
Canada. Veterinary students who expect to graduate at the end of the current school year 
and who wish to follow a career in research may apply for a fellowship. 


The latest date for filing the completed application is Feb. 15, 1958. Approximately one 

month is required for processing completed applications after receipt by the secretary of 

the Council. Qualified persons should secure and submit applications as early as possible to 
insure their file being complete for presentation to the Committee on Fellowships. 


The Committee on Fellowships of the Research Council will meet in March to consider appli 

cations, and the awards will be announced soon afterward. The stipend will be determined 

in each case by the needs of the individual, the location of the school in which he proposes to 
work, and other factors. In general, the stipends range from $100 monthly and upward 


Any qualified person interested in graduate training may obtain application blanks and other infor 
mation by writing to Dr. C. H. Cunningham, secretary, AVMA Research Council, Department of 
Microbiology and Public Health, College of Veterinary Medicine, Michigan State University, 
East Lansing, Mich 
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Pathological Changes of an Escherichia Coli Infection 
in Chickens and Turkeys 


W. B. GROSS, D.V.M., Ph.D. 


Blacksburg, Virginia 


CHRONIC RESPIRATORY DISEASE (CRD) 18 a 
relatively common respiratory infection of 
chickens and turkeys caused by a pleuro 
(prio).'* The 
uncomplicated prLo infection is character 
ized by high morbidity, low mortality, and 
a chronie In with 
other organisms, such as Hscherichia coli, 
mortality may be greatly increased. Field 
complicating CRD are 


pneumonia-lke organism 


course combination 


infections of 
usually characterized by short or medium 
duration and 0.5 to 10.0. per 
tality. Losses usually occur among birds 
of 4 to 12 weeks of age but may occur in 
Anorexia, ruffling of the 
and a temperature of 108.0. to 
oceur and, occasionally, there is 


eent mor 


birds of any age 
feathers, 


unilateral blindness associated with hypo 


pyon; in severe, acute infection, there is 
often a yellowish diarrhea. The duration 
of infection in individual birds is’ short 


and usually only a few birds are sick at 
one Many infected birds do not die, 
but injured to the extent that they 
become unprofitable to the grower. The 
gross lesions are pericarditis, perihepatitis, 


time 


are 


acrosacculitis, and salpingitis 
Wasserman ° and Fahey '® have reported 
the isolation of EF. coli, together with other 


bacteria, from field cases of pericarditis 
associated with erp, The experimental pro 
duction of pericarditis in birds, by colli 
form bacteria, has been reported by Da 


vid.* Twisselman,'’ Bornstein,’ and Gross.® 


MATERIAL Meriop 

Strains Of Escherichia Coli Five erological 
ty pes of EK. coli have been isolated from the peri 
cardial saes of chickens or turkeys from 30 farms 
Only three of these types were taken from more 
than two sourees. They have been typed by the 
Communicable Disease Center, U. S. Publie Health 
Service, and belong to ‘'O"’ groups 1, and 78 
These strains, all of which were used in these 
‘tudies, were of approximately the same patho 
genicity, Strains were maintained as nutrient agar 

From the University of Minnesota, Minneapolis. Sub 
mitted to the graduate faculty in partial fulfillment of 
the requirements for the degree of Ph.D. in 1956 

The author thanks Miss Blanche Ching Yi-'Wu, Mrs 
Joanne Carter, and Mra. Opal Price for their technical 
sssistance and Dr. BF. P. Johnson for the translation of 


Swedish literature 


inoculated into birds as 
tryptose broth « 
fgent \ 
chicken 


7-day 


method 


cultures and were 


to iltures 
of 
and 
old 
This 
of 


18 hour 
of 


from 4a 


PPLO 
had 


embryo 


Strains strain was 


isolated 


CRD 
Virgini: been 
ve 


volk 


and 


several in 


the 


bacts 


for 
free 


pussed irs 


nating by strain 


no evidences viral 


from 
be 


Wiis rin 


agents could demonstrated 
Chickens 
inoculated 
0.1 of a 
with 0.1 


few 


of 


were 


with 


between and & weeks 
the lesser 
broth culture 
of the * 


birds 


age 
abdominal ir sie 
of coli 


strain in 


in 


alone or mixed 


volk 
the ai 


mil 


mil egg Ina 


in r suc 
of 
45 hours 


ris 


were 


inoculated 
xposed to 

killed six, 12, 24, 
later) after 
fluid 
hematoxylin-eosin 

of the 


eardial sae, and trachea, and the 


Instances, were 


with prio and later ¢ an nerosol 


coli 


(or 


Birds were and 


sometimes even inoculation. 
sections 


the 


and 
At 


SACK, 


sues were fixed souin’s 


in 


stained with same time, 


blood, 
isolated coliforms 


cultures were made peri 


were identified by of a plate-agglutination 


test 


means 


RESULTS 


The experimentally produced lesions were 
indistinguishable from those of field speci 


mens although the MMICPrOSCOpie lesions of 
the respiratory tracts differed somewhat 
with the methods of inoculation. It was 
not possible to differentiate birds inocu 
lated with #. colt alone from those inocu 
lated with both coli and on the 


basis of or lesions any 


of the organs except the air sacs 


Air Sacs.—The air saes were involved 
more frequently than any other organ 
Many birds from infected flocks were 
found to have lesions only in the air saes 
In birds inoculated in the air saes, these 
sacs were first edematous and about 1 mm 


Within 
10) 
times normal and the air sacs were opaque 
and yellowish with a fibrinous lining. His 
tologically, the reaction of the experiment 
ally inoculated birds depended on whether 
they had recived FE 
nation with PPLO 
receiving E. coli 
heterophilic than mononuclear phagocytes 
while both tended 
to monuclear hetero 


philic phagocytes 


thick (185 times normal thickness 
24 hours, the thickness was reduced to 


in combi 
of birds 
contained 


coli alone or 
The 


alone 


SHCN 


more 


agents 


than 


those receiving 


contain more me: 


4 


- Fig. 1—Fibrinous pericarditis (a) and perihepatitis (b) in a chicken; natural size 
Fig. 2—An early stage of the development of a granuloma in the lung. A mass of bacteria 
(arrow) is surrounded by heterophils and mononuclear phagocytes. This and all subsequent 
sections were stained with hematoxylin and eosin; x 1,200. 
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The connective tissue bundles in air sacs 
of birds receiving both agents tended to be 
After 24 hours, 
became 


enlarged and swollen 
mononuclear phagocytes more 
prominent in both groups and there were 
often necrotic areas lined with giant cells. 
The exudate the respiratory surface 
was composed of fibrin, large numbers of 
necrotic heterophils, a few mononuclear 
phagocytes, and many bacteria. Later, the 
surface exudate was often lined with giant 


On 


cells and mononuclear phagocytes. As in 
receded, fibroblasts 

Perivascular lymphoid follicles, 
which characteristic of infec 
tion,” developed after about seven 
days if the birds had received both prio 
and #. coli in the inoculum, The air saes 
of birds naturally infected with both prio 
and KE. coli, as well as those exposed to 
coli aerosols following prio infection, 
contained varying proportions of hetero 
philic and mononuclear phagocytes, as well 
as remnants of the lymphoid follicles and 
hyperplastic epithelium of infection, 


fection became more 

common 
are 

6,45,0 


Lungs.—-Gross lesions of the lungs were 
uncommon in naturally infected birds 
Lesions were present in the posteroventral 
portions of the lungs of about 15 per cent 
of the air sac-inoculated birds. India ink 
was similarly deposited in the lung follow- 
ing injection into the air sac. ' Histologi- 
cally, the lesions in naturally infected 
birds often were characteristic of PPLO in 
fection. At times, there was infiltration of 
the intralobular spaces with mononuclear 
phagocytes and a few heterophils as well 
as edema of the tertiary bronchi. Granu- 
lomas lined with giant cells or mononuclear 
phagocytes were sometimes observed in the 
central portion of the lobules or near the 
PPLO Lesions in birds experimen 
tally infected with both agents consisted of 
infiltration of the lobules and interlobular 
spaces with varying proportions of mono 
nuclear and heterophilie phagocytes. The 
infiltration often the normal 
architecture of the lobules, Necrotic areas, 


lesions. 


obscured 


which sometimes contained masses of bac 
formed in the central 
These 


with 


teria, tended to be 
the 
first 


portions of lobules necrotic 


areas were lined heterophils, 


later with mononuclear phagocytes, and, 
finally, with 


giant cells. Healing was by 


sear formation which sometimes resulted 
in the destruction of large areas of lung 
tissue 

Trachea No lesions were seen it birds 


(7ROSS 


coli even 
coli could often be isolated from 


When the birds were also in 


experimentally infected with 
though £. 
the mucosa. 


fected with prpLo, there was sometimes 
thickening of the mucosa Microscopically, 
when the birds were also infected with 


prio, there was lymphoid infiltration of 
the mucosa characteristic of prLo infection 

Heart.—Fibrinous pericarditis was the 
most striking lesion in the birds and was 
found in all birds with fatal after 
the -first day of infection. The pericardial 
sac usually showed evidence of infection 
12 to 24 after inoculation 
with #. coli alone or with prLo 
It contained a yellowish, fibrinous exudate 


CASCS 


hours air sac 


combined 


with large numbers of coliform bacteria 
Adhesions between the pericardium and the 
epicardium were common, particularly in 
the later stages of infection. Microscopi 
cally, the inflammation was restricted to 
the pericardium, pericardial sac, and the 
superficial layers of the myocardium. The 
first signs of infection consisted of edema 
and the appearance of a few mononuclear 
phagocytes in the epicardium. As infection 
progressed, many more mononuclear phag 
invaded the while 
numbers of heterophilic leukocytes were 
present. Bacteria, fibrin, and many 
crotic heterophils were often present in the 
pericardial sac. Necrotic areas, which some 
times contained bacteria, were 
lined with mononuclear 
later, with giant cells. Bacteria were often 
undetectable after four Healing, 
manifested by scars on the epicardium and 
adhesions to the pericardium, usually oc 


ocytes area smaller 


he 
masses of 
phagocytes and, 


days 


curred within two weeks. It was not pos 
sible to differentiate the heart lesions of 
birds inoculated with EE. coli alone from 


those inoculated with both peLo and E. coli 

liver.—A_ yellowish fibrinous covering 
0.5 to 2.0 mm. thick found the 
surface of the livers of many of the birds 
having pericarditis. Only rarely did peri 
hepatitis occur in birds without gross peri 
carditis 
found 
infected air sacs 
were small 
liver 
sisted of fibrin, fibroblasts, and a few mono 
nuclear phagocytes In there 
were groups of giant cells in the exudate 
In early acute infections, there were a few 


Was On 


At times, opaque yellowish areas 
the 
In a few 
necrotic 


adjacent to 
instances, there 
throughout the 
Microscopically, the membrane con 


were on surface 


areas 


some Cases, 


heterophilie leukocytes in the sinuses, and 
the Kupffer cells were somewhat enlarged 
There Was only 


moderate congestion. It 


Fig. 3—A late stage in the development of a granuloma of the lung of a chicken; x 1,200 
Fig. 4—An early lesion of the choroid; degeneration of the retina; infiltration by heterophils 
and mononuclear phagocytes; x 600. 

Fig. 5—A later lesion of the choroid. Giant cell reaction (arrows) around a necrotic mass; 
x 600 
Fig. 6—Salpingitis; infiltration with heterophils and mononuclear phagocytes. Some hetero 
phils (arrow) are passing through the epithelium; x 600 
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was not possible to differentiate the liver 
lesions of the birds inoculated with # 
alone from those inoculated with both prio 
and 

Oiiducts The 
following 


cola 


cola 

oviduct was frequently 
involved infection of the ad 
jacent left 
these cases, the oviducts were greatly dis 


tended 


yreater abdominal air sac. In 


and contained a large amount of 


cheesy, yellowish, fibrinous exudate which 


was usually free in the lumen. The wall 
vas relatively thin and infection tended to 
Persist for long periods Microscopically, 
a few mononuclear phagocytes and fibro 
were associated with moderate thick 


Many heterophils could 


blasts 
ening of the wall 
be observed passing into the lumen through 
the epithelium, which was usually intact 
The 
fibrin, 


exudate in the lumen consisted of 


large numbers of necrotic hetero 


and in some cases, masses of bacteria 
A panophthalmitis was found in 


phil 


about 2 per experimentally 


well as in a small per 


rhe 


previously 


birds as 
field 


reported 


imoculated 


centage of CHSECS eye infection 


has been , Grossly, 
there was a hypopyon characterized by a 
yreyish deposit in the anterior chamber. 
Kibrin was deposited and the exudate soon 
pupil. Microscopically, the 


chamber 


obscured the 


anterior contained heterophilie 
and mononuclear phagocytes, in 
proportions, as well as fibrin. Usually, the 


involved although, in late 


varying 


was not 
there was some vascularization ad 
jacent to the ciliary body. There 
edema and mononuclear infiltration of the 
iris. The ciliary body was infiltrated with 
heterophilie and mononuclear phagocytes 
The choroid was greatly thickened, infil 
trated with heterophilic and mononuclear 
phagocytes, and was often hyperemic 
There were often granulomas in the cho 
body, and the anterior and 
The eye lesions were 


cornea 
stages, 


Was 


roid, cillary 
posterior chambers 
similar whether birds were inoculated with 
E. coli alone or with both prLo and F 

Body Cavity.—A_ peritonitis, with or 
without pericarditis, whieh was character 
ized by the presence of an exudate having 
the consistency of partially dried egg yolk, 
throughout the body cavity, was sometimes 
seen in. field The same strains of 
E. coli which are associated with 
ditis may be found in some adult chickens 
with peritonitis. In field birds, peritonitis 
was often found without evidence of any 
other infection, 


coli 


birds 
pericar 
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Spleen The spleen was of about nor 
mal size and at times there was a fibrinous 
covering on the serous surface 
Kidneys The kidneys 


congested and, in a few 


slightly 
had a 


were 
Instances, 
serous surface 
little 
there 
several 


covering on the 
there 
however, 


fibrinous 


Microscopically, Was change 


luistance, were he 


involving 


In one 

crote 

tubules 
Alimentary 


adjacent 


areas 


Little change was 


Instances 


Canal 


observed but, in a few catarrhal 


enteritis was present. In acute infections, 


petechial hemorrhages were sometimes seen 


on the serous surfaces, particularly of the 


proventriculus and gizzard 


Vervous system No gross or 


micro 
SCOP lesions were seen in three 


of brain, cord, and 


nerves 


spinal peripheral 


which were examined 


DISCUSSION 
Pericarditis and perihepatitis caused by 
coli are 
concurrent 


almost always associated with 
A. pericarditis 
is also seen in ornithosis of turkeys. Escher 
may be differentially 


culturing EF from the 


PPLO infection 


ithia coli infeetion 


diagnosed by coli 
ornithosis, the 
pericardial sae is bacteria-free. Other dis 
which result in pericar 
ditis may be diagnosed by identifying the 
causative agent. At times, pericarditis pro 
duced by E. coli found without 
serological, cultural, or histological evi 


pericardial sae since, in 


CHSECS sometimes 


may be 


dence of infection 

The pathological picture of 
serositis of ducks has described by 
Daugherty et al.” The 
peared similar to those produced by E 
infection. The cellular exudate 
mononuclear and heterophilic 

Tendency toward formation 
with cells 


infectious 
been 
ross lesions ap 
coli 
also con 
sisted of 

phagocytes. 
was 
The 


SIGS 


of granulomas lined giant 


not observed in infectious serositis 
and 


were 


central lesions 
of infectious 


E. coli infection 


hervous system 


Serositis seen in 

Apparently EF. coli alone® does not easily 
invade the respiratory tracts of 
birds Infection with other 
such as PPLO is necessary for certain strains 
to produce pericarditis, and 
perihepatitis 

The outside of the respiratory 
tract, except the salpingitis, probably re 
sult from bacteremia. Salpingitis could be 
following infection of the‘ 


normal 
some agent 


bacteremia, 


lesions 


produced only 


ii 


% 


Fig. 7—Air sac of a chicken 24 hours after i 


noculation with E. coli alone. Infiltration with 
heterophils and mononuclear phagocytes with fibrin on the respiratory surface (arrow); x 600 
Fig. 8—Healing lesion of choroid (a), retina (b), and vitreous body (c). Masses of mono 

nuclear phagocytes and fibroblasts are between the vessels; x 100. 
Fig. 9—Fibrinous pericarditis. Inflammation of pericardium and epicardium; x 100. 
Fig. 10—Inflammation of epicardium. Infiltration by mononuclear phagocytes and hetero 
phils; x 600. 


a 
arte 
A 
- acre » 


adjacent left greater abdominal air sae 
and was probably the result of direct ex 
tension from the air sae. The relatively 
large number of mononuclear phagocytes 
in air sacs of birds inoculated with both 
agents might reflect a stronger defense 
against a greater number of bacteria 


‘ 


‘ikahara’*® found that a strong macro 
phage reaction in mice resulted in quicker 
destruction of coli 
In jarre’s disease’! of chickens, 
which is a chronie disease due to E. coli, 
the necrotic areas of the liver and intestine 
are lined with giant cells and macrophages 
This disease is more chronic than that 
described in this paper and is not charac 


terized by pericarditis and aerosacculitis 


SUMMARY 


Mollowing several routes of inoculation 
certain strains of Escherichia coli pro 
duced aerosacculitis, fibrinous pericarditis 
perthepatitis, salpingitis, and panophthal 
mitis in chiekens. Natural infection was 
almost always in combination with chronic 
respiratory disease which is due to a 
pleuropneumonia-like organism, The cellu 
lar infiltration consisted of heterophilic 


and mononuclear phagocytes In Varying 


proportions, Necrotic areas were, at first, 
lined with mononuclear phagocytes and, 


later, by giant cells 


References 


Born 


H 


Du 


T 


te 


aused by 


ver 
Patholog 
Vet 


Daugherty 


103 


M. 8 


19, (19 


Ir 


An 


of Pullets 
J.A.V.M.A 


Doroths 


The 


Char 


Visselman 


04 


sserman 


4 


On 
622 


p 


M 
Apparent! 


M 


(1939 


62 


rnar 


and 


Mi 


730 au. 2. 
Geese hia Frew tefuah Vet., 7 
1953 15¢ 
ne 
sunder I nd Parsor 
nfect Se tis « 
J.A.V.M.A 92 193% 
Gro WwW. B Eachericl stir 
Factor n Chror ) f ¢ ker and 
771 
ne ‘ ikd or 
‘ i ike r nvest 
ind. Vet. 140 
Johnson, E. | 
Le n n the f itor 
Cort t, 44 1954 
Jungherr ker I at enta 
t of Turke Vet. Ovt 1949 
7 
Markham, Floyd and ( Pleu re 
imonia- Like al t het Tur 
and Chror | at 1) t ~ 
1952 
skKahara I net M ropha 
Loca Ke stance te Hacter Inf t } pt Med 
201-21 
‘ hof 1, Frank \ Hjarre and Wramtl 
n Turke Coligrar , Canad, J. ¢ p. Med., 11 
1947 141-14% 
Be Yate \ J r 
| o-called Air t Poult 


Pathogenesis of Arthritis in Chicken Embryos Caused by a 
Pleuropneumonia-like Organism 


J. E. MOULTON, D.V.M., Ph.D., and H. E. ADLER, D.V.M., Ph.D. 


Davis, California 


ORGANISMS of the pleuropneumonia group 
have been shown to cause arthritis in goats, 
pigs, mice, sheep, cattle, and chickens and 
have also been associated with arthritis in 
‘There deserip 
involvement 
bryos produced by several strains of avian 


have been 
of chicken em 


man 
tions of 
pleuropneumonia-like 
In 1948, Delaplane ® 
arthritis in embryos following inoculation 


organisms 
observed purulent 
of an agent reported as a chronic respira 
tory Van Roekel, Olesiuk, 
and Peck!! described abscesses of the joints 
Chute and Cole* reported the 


disease virus 
due to PPLO 
microscopic changes of an ex 
infection in chicken embryos 
caused by included a brief de 
scription of the arthritic lesions. It is the 
purpose of this paper to describe the path 


gross and 
perimental 


PPLO and 


ogenesis Of arthritis in chicken embryos 
caused by 

MATERIALS AND METHOD 

An eighth chicken embryo passage of PPLO was 
into the yolk sacs of 48, 
chicken embryos according to the method of Cun 


inoculated S-day-old 


embryonating chicken 
Each 


inoculated 


ningham.* In addition, 20 
eggs were 


day, 5 embryos 


retained as uninoculated controls 
taken 


from the uninoculated 


were from the 


group and 2 controls and 
eultured for PPLO on bacto-PPLO agar enriched with 
buffered 


The PPLO strain 


serum and 1 per cent 
yeast autolysate (pil 7.8 


isolated from the 


10 per cent horse 
used 
was originally pericardial sae of 
a chicken 


lated to PPLO of 


This strain was not antigenically re 


ivian origin previously deseribed 


in the literatures Furthermore, it did not utilize 


sugars according to the fermentation character 


istics attributed to this group.’ The tibiofemoral 


joints from infected and control embryos were 


fixed in 10 per cent formalin and stained routinely 


with hemato ned ind with Giemsa’s 
stain. 
ResuLTS 


with 
The pattern 


Of the 
) per cent were found dead 


embryos inoculated PPLO, 


of \ Medicine 


eterinar 


TABLE 1—Mortality Pattern Following Inocu 
lation of 48 Embryonating Chicken Eggs, via 
Yolk Sac, w a Pleuropneumonia-like Organism 


showilt 


table 1 


visible in 1 of 


(i ross 


of embryo death is shown 
jot 
5 embryos on the fifth day after inocula 
On the sixth and subsequent days, all 


involvement was first 
tion 
dead embryos exhibited gross joint lesions 
The majority of embryos that died between 
the fourth and eighth day of 
had extensive cutaneous hemorrhages over 


incubation 


the pectoral rewion Pri were present in 


large numbers in the killed or dead em 
bryos in any of the stages described below 
Patholoqieal The 


oral articulations of embryos infected with 


Findings tibiofem 
PPLO were enlarged and pale (fig. 1 
devel 


Microscopically, the lesions 
oped five 


served on the first and second days after 


staves. Stage one was ob 


inoculation. The joints showed hyperemia 


Fig. 1—Enlarged tibiofemoral joints of 3 inocu 


lated chicken embryos. 


A 


E. Mouton H. E. Apier Am. J. Ver. Res 


and necrosis of the synovial cell layer in 
the region of the synovial recesses (prox- 
imal and distal areas of the joint cavity 


where the synovial membrane joins the 


articular cartilage, fig. 2). In stage two, 
seen on the third day, increasing numbers 
of mononuclear cells accumulated in’ hy 
peremie blood vessels and infiltrated the 


OcTOBER 1957 


Fig. 2—Stage one in the 
development of the ar- 
thritic lesion. This tibio- 
femoral articulation is 
normal except for begin- 
ning slough of synovial 
cells in the synovial cav- 
ity to the left; x 80. 


joint capsule in the region of the proximal 
and distal reflections. Necrosis of the syn- 
ovial layer became more severe. Stage three 
appeared on the fourth and fifth days. Ii 
was characterized by greater numbers of 
mononuclear cells in local blood vessels and 
the synovial layer. The joint cavity re- 
mained free of inflammatory cells. Necro 


Fig. 3—Stage four, 
showing necrosis of the 
articular cartilage. Mono- 
nuclear cells are present 
in the joint cavity; x 80. 


"ges 
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Fig. 4—Stage five, fi- 
brous thickening of the 
joint capsule (below) 
and fibrous replacement 
of necrotic articular car- 
tilage (above). Mono- 
nuclear cells are present 
in the joint cavity; x 80. 


sis of the synovial cell layer extended 
into the superficial layers of the articular 
cartilage. At first, the surface of the ar 


ticular cartilage appeared loose and frayed 
but, later, frank necrosis extended four or 


five cell layers deep. On the sixth and 
seventh days after inoculation, stage four 
was observed, At this time, mononuclear 
cells invaded the joint cavity, especially 
the proximal and distal recesses. During 
the latter part of this stage, many of the 
infiltrating cells became necrotic. Necrosis 
of the joint capsule and articular cartilage 
became more severe during this stage (fig 
3 The blood contained 
erythrocytes and more mononuclear cells 
than normally. Stage five was seen on the 
eighth day after Hyperemia 
was less pronounced and fewer mononu 
found within the blood 
this organizational stage, the 
joint capsule showed fibrous thickening 
and the joint cavity was engorged with 
dead and dying mononuclear cells (fig. 4 

Connective tissue proliferation (pannus) 
replaced articular cartilage and 
formed adhesions between proximal and 
distal bones. Foci of mononuclear cells in 
periarticular sites were encapsulated by 
sur 


vessels fewer 


inoculation 


clear cells were 


vessels In 


necrotic 


connective tissue and, in a few cases, 
rounded by foreign body granulomatous 
tissue 

control 


Articulations of uninoculated 


PATHOGENESIS OF ARTHRITIS IN CHICKEN EMBRYOS 


embryos exhibited no gross or microscopic 
lesions at any stage 
SUMMARY 


DISCUSSION AND 


Examination of chicken 
lected one to eight days after inoculation 
with prLo, revealed the development of 
arthritic lesions from the earliest stage of 
hyperemia to the stage of fibrous organi 
zation 
and involved first the synovial cell layer 
Necrosis 


embryos, se 


Necrosis began early in the process 
and, later, the articular cartilage 
preceded 
Cavity 


cellular invasion of the 
The joint capsule was infiltrated 


by mononuclear cells by the third day, but 


the joint cavity was free of cells until the 
sixth day. From the sixth day on 
nuclear cells 
bers in the joint cavity 
cellular inflammation 
subsided by the eighth day when the pro 


mono 


accumulated in great num 
The vascular and 


components of the 
cess became organized 
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Infectious Synovitis Control by Medication — Effect of Strain 
Differences and Pleuropneumonia-like Organisms 


N. O. OLSON, D.V.M.; D. C. SHELTON, Ph.D.; D. A. MUNRO, D.V.M. 


Vorgantown, 


INFECTIOUS SYNOVITIS Is has appeared as 


an disease in broiler-producing 
States." Mor 
tality has usually been low eourse 
of the The 
joints become swollen and sore, which 1m 
pairs the mobility of the bird. Feed 
zation becomes efficient As the 
bility is restricted, less feed and water are 
the 


morbidity 


of the | 


areas nited 
tor the 
disease Is generally prolonged 
util 
less me 
maintained at 
The 


to 7) per cent and mor 


consumed until life is 


expense ot body TISSUES 


has ranged from 2 
tality up to 20 per cent of the flock. Emaei 
ation and the purulent or caseous exudates 
in the synovial or bursal sacs have resulted 
In trim outs and condemnations of in 
fected 
i 


birds during postmortem inspec 
tion 

The controlled 
laboratory the 
biotics, Flock treatment had proved worth 
while the trom 


spreading and because birds in early stages 


disease has been under 


conditions. by lise ot anti 


since If prevents dlisease 


of the disease usually show lnprovement 
However, because of complicating diseases, 
treatment of affected field flocks 
has been only partially successful 

This is a report of laboratory studies us 


birds in 


ing chlortetracyeline and furazolidone 
NI 180 


ferent agents isolated 


on the disease produced by dif 
with in 
due to 


from birds 


fectious synovitis or synovitis 


pleuropneumonia-like organisms 


OF LITERATURI 


yeline have had 
for the control of 
When fed 
feed, no 


swellings, developed 


Chlortetracyveline and oxytetrac 
the 


infectious 


value 
chickens 
ton of 


greatest therapeutic 

con 
signs, 
during 


novitis in 
tinuously at 200 Gm 
for 
i ten-week 
birds 


vitis 


per 
except temporary 


observation period among laboratory 


infectious 


birds 


syno 


experime ntally 


exposed to 
infection de veloped in treated 


of Ani 


partmen 


From 
und Munre« 
hemistr 
town 

Published 
West Virginis 
paper 
Kegi 


( yanamid 


approval of the director 
Station a8 en 
funds 


ona N inds or American 


iltural Experimen 


Supported in part b from 


West Va 


it weeks of 
than o 


more effective 


remission of swe Intermit 


vith chlotetracveline 


trij 


erythromycin, magnamyein, el 


ulfamethazine vere il in controlling 


novitis Oxvtetracveline, naion 


Oll 


injected subeutaneously, delaved the development 


lesions Streptomycin was partially effec 


tive when injected at the ime of inoculation but 


not after | 
It has 


infeetiou 


sighs deve oped 


been reported train 


noviti eviou 


organisn 
oxvtetrue line, or furazolidone 


theme 


with stre ptomyein 


into embryos, was resistant to 


the 


and injected 


tetrne reduced embryo 


with 


drugs, yet veline mor 


tality In vivo 


other isolates have 
adlective than ox 


the feed 


studi 
tetracyeline to le ‘ 


tetracyeline when given in 


MATERI Meruop 


The fi 
flocks in 


chron 


clive olated 


which 


igent of 1 ere 3 from 


the | dingnosis was 1 


respirator disenme bluecomb, 


hemorrhagic disease ) in 


indingnosed 
table 


The birds 
had a purulent 
their 


spira 


tory infection from which 


the agents were 40 d exudate 


im one or and 
have 
All 


selected 


more joints condition could 


been dingnosed as infectious synovitis 
had 


material 


made bh inoculation of 


the volk 


and had been in storage at OC. for 


isolations been 
the 
nating eggs 
two to 12 


into of embryo 


mouths. To obtain a 


volk « 


uniforn 


patho 


genicity, embryo iltures of ench isolate were 


rug f t} feed ‘ rtet 
irug _ 
evel 
ng t f med t 
ehlortet ner tor | til 
a bef | ol | oft 
oculat nea ind four ai ino 
etive n controlling no W ! 
t ted eight nd fler noculatiolr 
iol ol parti omen Lhe 
int of medieation nee to prevent the 
er than that me for treatment 
Leve l (sm. e had t! 
peut le ‘ letraeveline how! 
i“ ig novit 
eontr ne t exposed nt 
i ne ntratrachent In bird noculate 
il ) ol yl effec ‘ 
Streptor eir ilfat per bacitrae 
par W hit 
: 
rhe 
triment « Hu nd Olsor 
and the of Agricultural Bio 
tor West Virginia Ur r Morgar 
th th 
Agr 
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TABLE i1—Clinical History of Poultry Flocks pared above, was cultures i roth (Difeo 
from Which IS and PPLO Agents Were Isolated with 10 per cent hor 


hydro 


ver cent ver 


is prepared 


4 ted ¢u ire 1] 


npshire chicks 


flock, vere 


mother embr 


uspension 
embryonating 

itive embryo ‘ of enel Ine vere 
made and the third wv wad for chicken inocula 
tion in experiments | d 2. Embryonating eggs 
used for the third embr passage were inoculated 
that the wid for ehicken inoculation 
were held at 100, for «a maximum of six days 


Th broth suspension of each isolate, as pre 


TABLE 2—The Influence of Infectious Synovitis and PPLO on Weight Gain (in 41 Days); 

Degree of Swelling at the Site of Injection; Extension of Infection to Other Joints; and 

Mortality in Nonmedicated Infected Chicks and in Chicks Given Chlortetracycline or 
Furazolidone 


PPI 
culture 


Treatment 


Controls infected 
Weight gain (Gm 


Degree of awellin 


100 Gim./ton 
Weight gain (Gm 
Degree of awelling 
No. with extended 
No. died 

Chiortetra line 
(200 tim./ton 
Weight gain (Gm 
Degree o vellin 
extended 
No. died 
Furazolidons 

P00 Crim. ton 
Weight gain (Gim 
Degree of swelling 
No. with extended infe 
No. died 


None of the noninfectec 
471 Gim. and 12 egg 


J. Var. Rae 
fob OCTOBER 1957 
r ource of Clinica ta lorbid MEME yisate, nutrient agar nd thioglyeollate me 
flock ‘ diun PPLO were ‘ ‘ f olats cu 
scent ture 10), A ning broth eult 
Hock ne t i4 
1 Kluecomt Det 
Mixed Experiment hyo’ Nw 
nfectior is obtained fre the ty 
6 Heo novit 
Hock Mixed randoml listributed, 1 bir per batter in 4 

electric heated batteri \ ere fed the 

4 Ho novit ! tandard chiel ggested | 
fucu 

Brigg et al hiel ont ! f proc me 
‘ peniel nm per tor | f ehieh ere 
tu fw f t TT nt ned i inex] ‘ Norma 
ndiagnosed respirate nfectior Isolation f th 1 ne of these batt ‘ | t r 456 ehick 

infected | foot pad 
f f the third 
thawed and | nad f gent olated 
Phen ench isolate vi noculated into & oh j heir | ‘ 
thre foot pad Seven ad ter tI ehieh or th {ft culture 1] 
ere killed and a broth iISpensiol prepared () ttery of | f rent 
from the novinl fluid, easeou te r ti ‘ nf fed, f m ti 
granulomatous like thiekening of the noculated on the | nt ng | to 
Gin of ervat ‘ f ne hvdro 
oculated tl t} iy j 
eulture nad ration cor 
The bird vere ob 
Supphed t Leder oratorie on of Amer 
an Cyanamid Compar 
Supplied by Hess and ( snd, Ohi 
i 6 7 10 11 
No. with extended inf 12 0 12 6 4 
Chiortetra line 
‘ 0 Bol 
1 controls developed signs of synovitis Their weight gain ver l noninfected birds 
ted bird 470 Git 12 « ‘ n each batter 
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weighed and a 
degre« of swelling of the 
whether the 


Twice a week, each chick was 


record made of the 


inoculated leg and of infection had 


extended to other joints. The degree of swelling 


was classified,” with zero indicating no swelling 
to 9 indicating gradations from a 
foot 
the pad, tendon sheath, and 
age, 
birds, except 


and numbers | 


slight swelling of the inoculated pad to a 
marked 
hock 


removed 


swelling of 
joint. At 41 
from all 


days of medication was 
those exposed to 
effect on the further 
development of lesions was studied (table 3). All 
ll, and 
batteries exposed to the 
tested for CRD 
antibodies using the standard plate antigen.’ 


PPLO culture 10, and the 
birds exposed to PPLO cultures 10 and 
each of the 
serologically 


birds from 


other isolates, were 


Experiment Since isolates 4 and 7 did not 
produce typical signs of infectious synovitis, the 
84 birds 
divided into groups and challenged with all nine 
Is isolates and the two PPLO cultures (table 4 

(47 days), that had not 
with 


previously inoculated with them were 


Birds of the same age 


been previously inoculated, were challenged 


each isolate to serve as controls 


RESULTS 


The degree of pathogenicity of the Is 
isolates differed for embryos and chickens 
Isolates 4 and 7 were most pathogenic for 
chicken embryos and were least pathogenic 


for chickens. Isolates 4 and 7 had a me 
dian infection time before death of five 
and three days, respectively, and none of 
the embryos survived. The pathogenicities 
of the other 1s similar for 
chickens and embryos median time 
death for was eight to 
approximately 5 per cent 
Kor prLo culture 10, the 


were 
The 


embryos 


isolates 


before 
ten days; sur 


vived median 


INFECTIOUS SYNOVITIS CONTROI 


737 


time before death of embryos was six days ; 
none survived 

In general, the results of experiment 1 
that there were three different 
pathogenic agents 

The similarity of the results with iso 
lates 1, 2, 3, 5, 6, 8, and 9 indicated that 
they were equally pathogenic. Weight 
gains of untreated chicks inoculated with 
these were markedly 
and the degree of swelling in the inocu 
lated leg and the number of with 
an extension of the infection to other 
joints were about equal, irrespective of 
the isolate. Mortality was high 

Chlortetracycline was equally effective 
in controlling the diseases caused by each 
of these Furazolidone had only 
slight therapeutic value against the disease 
caused by isolates 8 and 9. Withdrawal of 
chlortetracycline (table 3) resulted in the 
development of swellings in the inoculated 
foot pads of 7 birds 

Isolates 4 and 7 produced a similar in 
fection but they differed in pathogenicity 
from the other 
lates (table 2). 


suggest 


isolates depressed 


birds 


isolates 


infectious synovitis 
The birds inoculated with 
isolates gained less but there was 
no mortality. There detectable 
spread of the infection and the amount 
of swelling in the inoculated legs rated 
4.4 or less. Chlortetraeyeline had no ther 
apeutic value either 

furazolidone hac 


these 
Was no 


infection and 
avainst the infee 
Recovery occurred 
in unmedicated as well as medicated birds 
table 3). The broth culture (11) appeared 


against 
none 
tion caused by isolate 7 


TABLE 3—The Development of Infectious Synovitis Following Removal of Medication 


Chiortetracyeline 


100 


Observation made 


days inolates | 
servation made at ten days 


rde died as a result of syno 


n the pad or hock joints before and after 


al of medication 


Chiortetra ine NF-180 


ton (20 ' on 200 Gm./ton 


\fter ‘ ‘ before After 


at 
for 
tior fore After 
lead 
I ad 
J 
i ‘ 
nd st not ‘ ed slture 


(45 COLSON 


TABLE 4—Susceptibility of 
Exposed to Isolates 4 and 
Exposed to IS and 


Birds Previously 
7 when Subsequently 
PPLO Isolates 


(ontrols not 
Challenge 


molate 


than the 
embryo yolk culture (10) of the same prLo 
aS evidenced by lesser weight Nel 
ther caused mortality. Against these cul 
tures, chlortetracyeline had a definite but 
limited therapeutic value at 100 per 
ton At 200 per ton, if 
effective and prevented the appearance of 
PPLO synovitis in about 58 per cent of the 
It would seem that the birds had de 
veloped increasing resistance to the infee 
tion after 
as well as before withdrawal of medication 
NF-1LSO was ineffective against both cultures 
10 and 11 
The blood serum 

to Is isolates 1 to 9 
found 
from all birds exposed to peLo cultures 10 


to affect the birds less severely 


(im 


(im was more 


birds 


since improvement was noticed 


from 2 birds exposed 


were tested for CRD 


antibodies and negative. Serums 
and 11 were positive, except from those fed 
200 CGim, of chlortetracyeline, where three 
serums from birds exposed to culture 10 
and five from birds exposed to culture 1] 
were negative, These tests were conducted 
25 days after inoculation 

Immunity tests were made on birds pre 
viously inoculated with isolates 4 and 7 
(table 4 


of 27 (isolate 4 


developed SILTIS 


experiment 2 
that, of these 
and all of 36 
of synovitis when exposed to the Is isolates 
fand 7. Nel 


swellings to 


Results show 


(isolate 7 


or pelo cultures other than 
ther 
appear in 
challenged 
all of 438 developed signs of the infeetion 
Isolates 4 
swellings in birds not previously exposed, 


isolate 4 nor 7 caused 


these birds. In birds not pre 


viously with isolates 4 and 7, 


and 7 caused only temporary 


80 they were essentially nonpathogenic. It 


appears that isolates 4 and 7 were not im 


munologically related to the other Is iso 


SHELTON 
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lates or to PpPLO: however, additional trials 
would be needed to determine whether these 
observations were significant 


DISCUSSION 


Krom eight different flocks of chickens, 
nine isolates of 1s and one isolate of PPLO 
were obtained. 
chicken embryos and in laboratory chick 
indicated that three different patho 
genic agents were present. These were: (1 
a viral agent which, into 
chicks, produced typical signs and lesions 
of is; (2) ppLo which, when inoculated into 
elini 
cally similar to those produced by the Is 


A study of these isolates in 
ens 


when inoculated 


chicks, produced signs of infection 
agent; and (3) an agent which was patho 
genic for chicken embryos but relatively 
nonpathogenic for chickens. When 
lated into chickens, the pelo, whether cul 
broth, did not 
extreme emaciation, caseous exudate in the 


moc 


tured in embryo o1 cause 
synovial and bursal membranes, enlarged 
and discolored livers, or splenomegaly. Pre 
liminary blood studies have shown that the 
infectious synovitis and that caused by prLo 
could not be differentiated on the basis of 


blood counts or hemoglobin values 


The improper diagnosis of the etiologi 
cal agent in clinical cases of synovitis plus 
the presence of intercurrent diseases could 
cause the recommendation of relatively in 
effective treatment with 
Kor treatment to be of the vreatest 
an early 


variable results 
value, 
Appro 
priate concentrations of medication should 
be determined by the condition of the flock 
The minimum concentration of chlortet 
racycline which was found to be effective 
for treatment of 
approximately 200 Gim 
Continuous 
Tf the 
the disease frequently 
For prevention of 
lower concentrations of chlortetracycline, 
given continuously, effective.” 
excellent 
have been obtained with 100 Gm. of chlor 
tetracyeline per ton. However, in 
trolled field) experiments, 
medication with 50 
clinical control!” 
Furazolidone (NI 


diagnosis is imperative 


infectious Was 


per ton of feed.“ 


sVnovitis 


medication was necessary 


antibiotic was discontinued, 
recurred 


Intectious Synovitis, 


have been 


In laboratory birds, results 


Cot 
CONTINUOUS 
has 


(im riven 


180) has been used 
in combination with antibioties 
® This report and others 
have shown that Nr-180 has essentially no 
clinical value in the 
14, 16,18 If 


alone and 
In some areas 
treatment of infectious 


synovitis given as a preventive 


The 


medicant, it has only a slight value 


Inolate 4 Isolate 7 * exposed 
i i4 
i i 
14 
( 0/4 
i4 
i4 
i4 1/4 
1] 14 
' 1 
iffected per ha need \ ‘ 

‘ ' four la after nocu tior (hy i had ‘ 


INFECTIOUS SYNOVITIS CONTRO! 


success of chlortetraeycline and the failure 
of NF-180 for control of prLo which cause 


synovitis differs greatly from the results 


of its use in the in witro studies on prio! 


SUMMARY 


Nine infective agents were isolated from 
the joint purulent exudate, tracheal mucus, 
or spleens of birds with infectious syno 
vitis (Is) from seven flocks. PrrLO was iso 
lated from the joint purulent exudate of 1] 
bird of another flock. When inoculated 
into the foot pads of chickens, seven of the 
nine Is isolates produced signs and lesions 
typical of 1s. The other two ts isolates 
produced only temporary swellings in the 
inoculated foot pad. The prio isolate pro 
duced lesions in chickens similar to those 
produced by Is. PPLO antibodies were found 
in the serum from chickens previously in 
oculated with the pro isolate but not in 
that from those inoculated with the nine 
isolates of Is 

Experiments were conducted to test the 
susceptibility to the isolated agents of 
chieks fed chlortetracycline and Nr-180 
Chiortetracycline was effective, whereas 
NF-180 was essentially ineffective the 
control of infeetious synovitis. Neither 
drug had therapeutic value against the 
disease caused by the two atypical strains 
of the Is agent Chlortetracycline was par 
tially effective, but Nr-180 was ineffectivi 
against the disease caused by the prio 
agent 

Under the conditions of this ¢ xperiment 
the two atypical strains of the Is agent 
induced immunity to only the agent in 
these strains. Similar tests with the other 


isolates were not possible 
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Relationship Between Immunity and Serum-Neutralization 
Titers in Chickens Inoculated with Three Infectious 
Bronchitis Vaccines 


L. G. RAGGI, D.V.M., Ph.D., and G. G. LEE, B.S. 


Dai 1s, Califor nia 


test has 


infectious 


The 
been 


SERUM-NEI 
applied to 
bronchitis (16 


PRALIZATION 
the study of 
by several authors and 
the im 
munological status of chickens previously 
exposed to this Very little 
mation, however, is available concerning 
the reliability of the sN 
for measuring the degree of 


is currently used to determine 


virus infor 


test as a 


Immunity to 


The purpose of the 


ivestivation re 


ported herein was to determine the rela 


tionship between the challenge results and 
the titers of the 
birds 


serums of vaccinated 


Mreritop 


Che strain infectious bronehiti 


ised’ in this experiment were commereiall 


ible IB identified in thi tud i 
ind 
W hit 


tible’’ 


chicken 
‘commercial’? w The sus 
bird hatehed 


to 18 and the commercial’ 


Leghorn useep 
and 
ceptible hens 


tible 


were from suscep 


birds came from 


flocks 


with or had 


two hatcheries where the breeding were 


known to be vaecinated been 
naturally 


h 
and the 


exposed to the disens« 


strain of Inv was studied at a different 


time, principals were kept under isolation 


The vaccines were reconstituted according to the 
bird 
vaccine by either the 


route At an 


manufacturer and each 


drop of the 


instructions, wis 


given | intra 
nasal or conjunetival 


days after 


iverage of 50 
bird in the 
ment was challenged intratracheally 
of IBV, Massachusetts 
0.2 mil, of broth 
blood 
birds 


vaccination, every experi 


with 10,000 
strain,” suspended in 
before 


obtained 


tryptone Immediately 


challenge, individual imples 


scleeted if 


were 
number of random 


Chickens that 


from a 


showed moi gurgling, sneez 
within 12 ifter challer 
either com 


istunt Absence of these ratory 


ing, and coughing re 


were considered usceptible or not 


pletely re 


within the ame period of time, indieated 


resistances At the time of challenge, 4 isceptibl 


chickens were also inoculated intratracheall vith 


the 
California 
The authors 


assistance 


phase of the 


the Massachusett 
coutrols 
The procedure 
to that 


with 


diseuse and 
vVirus-dilution 


diluted 1:10 


siologica ili olutio ind inaeti 


slight 
method was used 
in sterile phy 
vated at 56C, for 3 1 dilution range 
of the used ) 0 because pre 
liminar titration of is 1 eater i the 


in the ra 
ind 


contain 


ifion 


pect 


The 


Response lo 


tabulated table 1 
The 


Vaccination 


results are 
Strain A neutraliza 
tion titers following with this 
strain were determined in three 


1 day 


A direct relationship was observed between 


ave Yroups 
of chickens 3 days, and 5 weeks 
a satisfactory degree of immunity to chal 
lenge 27 days after vaccination and the sn 
The 
birds tested 
responses of 
challenge (98 LOO% of 
their SN the 
greater neutralizing doses 
The sn 


instilling the 


titer in the serums of the same birds 
origins of the three 
did seem to influence the 
the birds to 
Immunity) or 
10* or 


in the serums of all age 


ol 
not 
and 
response to 
vaccine 
groups 
titers of birds vaccinated by 
conjunetival 
the birds 


virus into the sac 


SUSpension 
were similar to those obtained in 
vaccinated intranasally 

Strain B A 


tionship was observed 


Response lo direct rela 


between significant 
resistance to challenge for 


95.29% ) of the 


titers and 


the majority serums tested 


eal Tor Ni 
| 
observed for f io 
er liscarded il t! rt considered 
nonspecific beenuse t nidiente that 
the enrliest trait f BV 
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TABLE 1—Response of Birds to Three Commercial Vaccine Strains of Infectious Bronchitis 
Virus (IBV) 


in the 3-day-old chicks. However, a few The results of clit comparing 


birds 6.8% were resistant to challeng 
$0 days after vaccination, although thei vaccination, with three commercial strain 


titers, approximately one month aftes 


serums showed a 8N titer of 10 of iv, with concurrent challenge data 
It was also of interest that 7.9 per cent show that such belief is supported by sero 
of the 5-week-old birds were not completely logical and immune response of birds 
resistant to the challenge dose of inv, The = vaccinated with strain A. A few discrep 
serums, however, contained 10° to 10* or ancies between SN titers and challenge re 
more IBV neutralizing doses, amounts which — sults were noticed with strain B (table 1 
are significant and representative of im In the case of strain (. however. marked 
munity discrepancies were observed in the 6-day 
Response to Strain C.—A direct corre old chicks (14.6%) among which the 
lation appeared between the N response titers did not parallel the expected chal 
and the behavior of the birds toward chal lenge response 
lenge in the majority (96.97%) of the 2 These results indicated that with strains 
cent of the birds with insignificant SN 


: . tracheal challenge seemed to provide ab 
titers (10') were found resistant to chal 


89 dows after vaccination solute means of de tecting an immune statu 
The serological response of the 6-day-old of birds against 1. Further work is being 
commercial chicks at the time of chal undertaken to determine the frequency 
lenge indicated that 45.4 per cent of the 
birds behaved as expected but 14.6 per 


cent showed either a significant SN titel 


and ot these discrepancie 


Pt MMARY 


with no corresponding resistance to chal A study of the relationship between 


lenge (12.2%) or an insignificant SN titer serum-neutralization titer and 


with an une K pected resistance to challenge sponse to intratras heal challenge of bird 


24% vaccinated with thre strains of infeetiou 
DISCUSSION bronchitis virus (16v) showed that a direct 

It is venerally believed that significant correlation between them existed in onl 
SN titer 10 o1 higher) for IBV In vacel one of the three vaccines tested 


nated birds represents immunity the Noticeable discerepanet het 
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titers the 


birds 


and were ot 


the 


challenge results 


served in vaccinated with 


two strains of By 
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Cultivation and Cytopathogenicity of Newcastle Disease Virus 
in Hela and Bovine Kidney Cell Cultures 


R. A. BANKOWSKI, D.V.M., and J. HYDE 


Davis. California 


NEWCASTLE DISEASE Virus (NDV) can be 
readily propagated in chicken embryo 
ir 


nating eggs and in vitro, using fragments 
of chicken embryo tissues suspended in a 
suitable liquid medium.' JTlowever, 
since fertile chicken eggs known to be free 
of infections are becoming increasingly 
difficult to obtain, cultivation of the virus 
on tissues other than those of avian origin 
has a definite advantage 

This report describes a method of culti 
vating two strains of Neweastle disease 
virus, of divergent virulence for chickens, 
in monolayer cultures of Hela and bovine 
kidney cells 


MATPRIAI » Meruop 


Tissue Culture Vedium 4 modified hark 
salt solution containing 0.9 per cent lactalbumin 
hydrolysates and 0.1 per cent east extract is 
used to suspend, propagate, and maintain the 
bovine fetal kidney and Hela cell growth To the 
medium were added 250 units of penicillin and 


0.25 wg. of dihydrostreptomycin per milliliter of 


fluid. When the nutrient fluid was to be used for Fig. 1—Hela cell tissue culture inoculated 48 hour: 
previously with strain GB of NDV, illustrating 


al kidney cell growth and propagation 
cytopathogenic effect of 


virus, 6 per cent sterile lamb serun 


Modified Earle’s solution containing 10 per cent 
human serum was used to initiate Hela cell growth 
during the first 48 to 72 hours. To maintain cell 
growth, and after the Hela cells were inoculated 
with the virus, the human serum was replaced 
with 10 per cent lamb serum ua the 
Bovine Fetal Kidney Cells The kidney cells prem i contigu 
were Obtained from kidneys of fetuses of cattlh read for inoculation 
brought to a local slaughterhouse in the fifth to Hela Cells Cells wer 
eighth months of gestation. The kidneys were re ET vel of the x4 
moved under sterile conditions and the encapsu eultu vas maint 
lated kidneys suspended in Dulbeceo’s phosphate bottles 
buffer solution (PBS Within one hour after re 1,000 ,00f 
moval from the animal, they were minced and tion conta 
trypsinized in 0.25 per eent trypsin in PB is growth w 
described by Dulbecco and Vogt." wid, me 
rhe cell suspension was centrifuged at 800 r.p.m cent 

ind resuspended in the liquid culture medium to medium 
make a final dilution of The When t 

ml. amounts) was placed in Pyrex serew cap 

tubes vv 125 mm Incubation was car 


racks at for 45 to 


From 
of Veterinar e, Universit 
supported if 


( 


virus on cells and 


Approximately x 


$3 


de 


\4 
Mb 
| 
juid med 
ned f n ft 
ne of Hela « I 
ted with at 
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Fig. 2—Confluent sheath of Hela cells not infected 
with NDV. Approximately x 133. 
maximum growth, they were harvested with 
sene, washed with a buffered salt solution free of 
caleium and magnesium and, finally, 
pended in modified Earle’s solution containing 10 
per cent The cell 
amounts in 16 


ver 


1On8 sus 


human serum, 
then dispensed in 2.0-ml. 
Pyrex test tubes. 

Virus. 


Suspension Was 


by 125-ml. 


The 6b strain 
Dr. 
the 


of NDV used in this study 
The 


consisted 


was obtained from 
initial 


G. Boney of Texas. 


inoculum for tissue cultures 


TABLE 1—Summary of Serial Passages of Strains 


Through Monolayer Cultures of 


Infectivity 
Cell 


medium 


Virus 


strain No 


fluid 
and hemagglutination 


* Supernatant inoculated into each of 3 
typical lesions 
of the 


t Titration 


embryos 


of supernatant fluid in embryonating 


embryo 


embryonating 


of a chicken erythrocyte suspension by 


chicken eggs 
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of 0.25 ml. undiluted allantoic and amniotic fluids 
ot embryonating chicken eggs having €.1.d.100 
titer of 10°. 

The Tc of of the 
natant fluid of the seventy seventh serial passage 


strain NDV consisted super 


of the virus through Simms-Sanders medium con 


taining chopped chicken embryo. This strain was 
to lethal for 


but apathogenie for chickens 


demonstrated be chicken embryos, 


RESULTS AND DiscussION 


neither 
produced 


In the initial serial passages, 
strain GB nor strain TC of NDV 
cytopathogenie changes which were visible 
macroscopically in the Hela or bovine kid- 
ney cell cultures. Under low-power exami- 
nation (100 x), changes characterized by 
destruction of the cellular outgrowths, par- 
ticularly along the margins of the cell 
sheath, were observed in the first Hela cell 
culture passage by the forty-eighth hour 
No histological identification of cell types 
was attempted; however, the cytoplasm 
was granular and the cells were becoming 
rounded or swollen, seeming, in some in- 
stances, to have exploded and thus pre- 
senting bizarre shapes. There is a contrast 
between the appearance of uninfected and 
infected cells (fig. 1 and 2). Although pas- 
sages were not made at regular intervals 
but only when the cytopathogenic activity 


GB and TC of Newcastle Disease Virus 


Hela and Bovine Kidney Cells 


of tissue culture 


Chicken 


Remarks 


t 


cytopathogenicity 


14th 


passage 


topathogenic 
merved 


sminat 


chicken egg 


death 
fluids 


rs; diagnosis based on 


the allantoic amniotic 


conducted on cultures 
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was observed microscopically, the ineuba 
tion periods of the inoculated cultures 
varied from two to ten days. When cyto 
pathogenicity observed within 48 
hours, the pu of the liquid medium was 
restored by a change to fresh medium, and 
the 


was not 


the observations were continued. 
virus seemed established, cytopathogenicits 
on Hela cells was easily discernible by the 
naked eye by the forty-eighth hour. Cell 
destruction that could be observed macro 
scopically occurred with strain Ge by the 
fourteenth serial passage, and with strain 
re by the seventeenth serial passage. This 
reaction was evident in each passage there 
after. The cytopathogenicity of each strain 


strain GB of 
NDV on Hela cells inoculated 48 hours previously 
with the eighteenth serial passage. Note the marked 


Fig. 3—Cytopathogenic effect of 


destruction and fragmentation of the sheath of 
the inoculated tube (left) when compared with 
the uninoculated control tissue culture (right). 


CULTIVATION OF NEWCASTLE DISEASE VIRUS 


Fig. 4—Cytopathogenic effect of strain TC of 
NDV on Hela cell culture inoculated 48 hours 
previously with the eighteenth serial passage. Note 
the activity of the virus on the cell sheath (left) 
when compared with the uninoculated control tissue 
culture (right) and the relatively mild cytopatho 
genicity when compared with figure 3 

in the eighteenth serial shown 
fig. and 4 

Marked differences 


produced by 


passage Is 


of cell ce 


in degree 


struction were each 


Strain Gu appeared to destroy larger areas 
the sheath. The 
genicity of the TC strain, however 


When 


strain were 


of tissues in cytopatho 
Was con 
cultures of 
the more virulent allowed to 
incubate for 96 hour all of the cells in 
the tube 
destroved only 

Both 
tivated in 
Micro copicall the 


unlike those 


less marked 


siderably 


stroved strain 
half the cells 


strains of the irus were also 


vere 
about 
bovine kidney tissue culture 
cevtopathogens eltects 
observed on the ITlela cell 
readily detected in the 
The degree of cell destruc 


cultures, were 
initial passages 
tion by both strains of the virus in the ten 
passages was not as obvious as that 


Hela cells. In addition, the 


serial 


observed in 
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lower degree of invasiveness and cyto 


pathogenicity of the Tc strain, as compared 


was also observed in the 
The milder 


strains of the 


with the Gp strain 
bovine kidney cell 
activity of these 
upon the kidney 


cultures 
two virus 


cells 


changes in 


was du to milder 
cell morphology 


cell 


metabolism as 


degenerative 


the degree of inhibition of migration 


and changes in tissue indi 
cated by decreased acid production 

As shown table 1] both 
ported growth and propagation of the two 
strains of Nov; however, the destruction of 
the cell sheath, which could be detected by 
the naked eye, did not appear in the Hela 
cell until the 
seventeenth passages of strains GB and Tc, 
respectively. The cause for this delay has 
determined ; it 


TISSULCS 


sup 


cultures fourteenth and 


not been may be due to a 
period of adaptation of the virus to the 
new environment which gradually resulted 
concentrations of the 
Onee this 


cells was established, no difficulty 


in highes Virus on 


serial passage activity on the 
was en 
countered in reproducing the effect in test 
tubes or in preparing larger quantities of 
Similar 


could perhaps be obtained with the 


the virus in Roux’s flasks results 
kidney cells if the passages were continued 
The advantages of known 
cells, such as the Hela cell, in place of cell 
indi 


using a 


cultures originating from unknown 


vidual animals from varied sources 


bovine 


line of 


were 


Hype 


AND 


considered grea y to discontinue the 


latter method 


Two strains of Ne 
the highly 


culture-attenuated 


pathogenic G 


tissue were 


propa 
Hela 


degrees of 


eulture of and 
The 


demonstrated 


monolayet! 
cella 


pathogenicity “us 


gated in 


kidney cyto 


bovine 
macro 
scopically by the eighteenth serial 
in both 


relative virulence for 


passage 


LISSUeS correlated with them 


chickens 
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Pathological Changes Associated with Dictyocaulus Viviparus 
(Bloch) Infections in Calves 


CHARLES F. SIMPSON, D.V.M., M.Sc.; A. E. WADE, M.Sc.; 
W. R. DENNIS, D.V.M.; L. E. SWANSON, D.V.M. 


Gainesville, Florida 


LUNGWORM DISEASE, caused by Dictyocau were found in the lungs, and mild respiratory 
lus viviparus, is a rather common parasitic ¢h@nges were observed 


infection which causes considerable mor 
> MATERIALS AND METHODS 
tality in young calves. Earlier reports on 
> Z . Of the 0 ealves tilized in thes xperiments 
O were purchased it to S days of age and raised, 
with the pathological changes of initial 
> free of lungworms, in individual pens, Calves I, 
infections 4 ind 10 were used to investigats the 


This paper reports the results of an in effect of initial inf me and calves 21 and 26 


vestigation in which three forms of lung re ¢ ve challenge study. Calves 6 
worm infection in calves were studied ind 4 ‘ sed recovered 


These forms include 1) initial infections, el vas natural 
recovered cases. and recovered 
cases subsequently challenged with viable 


lungworm larvae 


ight! 
undigested food 


Pheumonia i granul ere sidered dead. Differentiation of 

varies considerably ive and dea j di not depend solely upon 
ite infections (7 days), it is absent, Enlarge- motility 
ment of the lungs due to interstitial and subpleu All experimental infections were produced b 
ral emphysema and edema has been deseribed the oral administration of infective larvae, 6 to 36 
The trachea, bronchi, and bronchioles may contain days old. Initial doses were given daily over a 
i frothy fluid mixed with lungworm The bron period of four to five days. Challenge doses 
chial and mediastinal lymph nodes are usually administered as a single drench or as two drench 
edematous or hyperemic eight days apart 

Histological examination of lungs demonstrating Clinical examinations were conducted daily in 
consolidation reveals that the alveoli eontain a the case of initial infections. All the calves were 
cellular exudate consisting of neutrophils, phago examined three to seven times weekly, with the 
eytes, lymphocytes, foreign body-type giant cells, exception of the one with the field infeetion, which 
eosinophils and, oceasionally, lungwerm larvae was examined as frequently as deemed necessary 
The bronchi and bronchioles show epithelial thick Fecal specimens were taken directly from the re« 
ening with exudate consisting of desquamated tum and a 20-Gm, sample examined for larvae with 
epithelial cells, degenerated cells, neutrophils, lym a Baermann Apparatus At necropsy, the respira 
phocytes, phagocytes, and lungworms. Lymphoid tory tract was opened with scissors from the lary: 
hyperplasia adjacent to bronehi and bronchioles to the small bronchioles, Macroscopic worms were 
is frequent reported, Interstitial emphysema is removed, pl Aj ) iological saline solution 
a common finding the basis of histopatho and eounte “ i number of n 
e is designated a worms ‘ rator 


d In those 
i small number washed 

the sereen 
of saline 


of microses 


‘ 
t 4 } no tray nt nig 
opneumo! need « , } creel ne 
Sy the } he n that re fron } 
resuspel 
pic worms estimat from t rag 


WaApt 


ad fron 


ind jung (cen 
sections ive rhe id , heart, 
for histo 


ind ruminal lymph nod 


logical studs Il tiss A ced per cent 


neutral formalin, ‘tained with 


hematoxylin-eosin in m 


vVhere indi 


ployed 


RESULTS 


Initial Infections 
On postinfection days 18 and 28, 2 animals 
infected with 70,000 died of 
lungworm disease. A third animal, after 
the number of larvae, be 
came moribund on day was killed 

table 1 The 
in 3 animals which were given 5,000 larvae 


25.3 days; the 
from 


Clinical Changes 


larvae acute 


receiving same 
29 and 
average prepatent period 
maximum number of 
the of 
calves varied from 8 to 62 per Gm. of feces 

The all 
calves were primarily na 
ture, with 
weight in 


Was 


larvae recovered feces these 


signs of lungworm disease in 


respiratory in 
and 


loss of condition 


with 


marked 


animals acute infection. 


The average weight loss in acutely sick ani 


mals during the second week was 47 Ib 
infected with 5,000 larvae gained 
steadily in weight and showed only mild re 
tardation in normal expected weight gains 
during the first three weeks of infection, 
When compared with control animals 

pronounced respiratory 
rate was first observed between days 8 and 
9 in the animals infected with 70,000 lar 
vae and between days 13 and 15 in those 
infected with 5,000 larvae. Coughing of 
variable severity was first noticed nine to 


Calves 


Inerease in 


12 days after infection and was intermit 
Acute 
most 


tent during the course of infection 
cases were characterized by a wheezy, 


cough, bubbling rales, expiratory grunt, 


nasal discharge, and salivation. In non 


TABLE 1 


De 


fatal and 


without dy spnea 


e vas ary 
temperatures either 
the 
and 
Di 
post 


In acute infe 


remained norm: ' or became elevated at 
first 


retina ned so ul 


sigh ol respiratory 


til sh 


anorexia W hie 


fore death 
ticed 


arrhea and On 


infection days and Constipation asso- 
with dehy followed, and the 


animals remained anoretic until death 


ciated dration 


the 
ani 


Enlargement of 
all 


were bilat 


Gross Lesions 


lungs was a constant finding in 


mals. Pneumonic are which 
the 
diaphragmatic lobes 

in calves killed on postinfection day 43 than 


in those which died on days 28 and 29 


as, 


eral and involved cardiac, apical, and 


were more extensive 


pneumonia Was lacking 
which died on day 18. How 
blood clots In 


Gross evidence of 
in the animal 
ever, hemorrhagic bronchitis 
the 


concealed 


immature lungworms 
the 
Small 


lymph 


ana 
froth Ith 


found 


bronchioles 
trachea and 


bronchi were were 
the 
animals with 18- to 20-day infections 


chial 


spaces 
nodes ith 
Bron 

were 


seen in mediastinal 


and mediastinal lymph nodes 


enlarged in all cases 
Worm 
19.255 


calves 


counts ranging from 10,625 to 
from 
lar- 


had 


were 


obtained at 
had been 
(table J The 3 
infected with 
to harbor 17, 


were 
which 


hecropsy 
70.000 
which 
larvae 
308 


yiven 
calves 

5 Of 
120, 
M ICTOSCOPILE Lesions 


vae 
been 
found and worms 
Pulmonie lesions 
similar in calves 1, 2, and 4. The 
pleura and interlobular septums were re 
markably thickened due to edema, fibrin 
ous exudate, infiltration with eosinophils, 
and spectacular dilatation of the lymph 


were 


The enlarged lymph channels con 
lymph, 
some fibrin and, occasionally, 


vessels 


tained lymphocytes, eosinophils, 
cells 
Rarely, 
the lymphatics contained an organized 
fig. 


involved 


giant 
and mononuclear cell macrophages 


consolida- 
mn 
"he 


alveolar walls appeared thickened and the 


thrombus Pheumonic 


tion usually entire lobules 
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alveoli were filled with exudate consisting 
primarily of alveolar-lining cells 
with and without phagocytized 
and giant which 
occasionally bizarre-shaped. 
phocytes, neutrophils, plasma cells, eryth 
and fluid 
infrequently, constituents of the exudate 
A few alveolar-lining cells were undergo 


macro 
phages 
cells 


cells, eosinophils, 


were 
edematous were, 


rocy tes, some 


ing degeneration as indicated by pyknosis 
of the nuclei and intracytoplasmic vacuoli 
zation 


and eosinophils often completely occluded 
) 


Plugs consisting of necrotic debris 


the bronchi and large bronchioles (fig. 2 
Peribronchial, peribronchiolar, and 
cuffing with 
occurred. In such instances, the muscular 
tunie and tunica propria of bronchioles 
were also infiltrated with lymphocytes, 
along with eosinophilic and lymphocytic 
infiltration of the epithelium. Desquama 
tion or hyperplasia of the bronchiolar epi 
thelium Small bronchioles 
were generally collapsed or ruptured, and 
usually contained a few eosinophils or a 
Lar 
vae were seen in the bronchi, bronchioles, 
and alveoli (fig. 3 An larva 
in the alveoli was undergoing phagocytosis 
(fig. 4) 

The mediastinal and bronchial lymph 
nodes of calves 1, 2, and 4 displayed lym 
phoid hyperplasia and eosinophilic infil 
tration of the subcapsular region and tra 
beculae. The same lymph nodes of calves 


vascular lymphocytes often 


also occurred 


small amount of eosinophilic debris 


occasional 


Fig 1—Thrombus (ar- 
row) in a dilated lymph- us : 
filled lymphatic in the in 4 ‘ ” 4 
terlobular septum of the aS. re 
lung of calf 4. The other A: 6% 
large spaces are also di- 
lated lymphatics. H & E 

stain; x 16. 
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5, 7, and 10 contained distended lymph 


sinuses in the subcapsular region and cor 
tical zon fig. 5 Small hemorrhages were 
scattered throughout the nodes 
The pi 


10 were 


lesions In animals 7 and 


lobule 


similar. Pneumontie con 
varying degrees of functional tis 
lobules rarely 
Consolidation of the alveoh 


cellular 


aly eolar 


tained 
and the 
affected 
characterized by a 
primarily of 
cells, lymphocytes, and a few 
trophils Occasionally, these cells were 
found in a matrix of fibrin and edematous 
fluid, and, 
filled an entire 
such consolidated areas contained 


sue, entire were 
Wits 
exudate 


lining 


cells, 


posed 


giant 


infrequently, two giant cells 


alveolus. Bronchioles in 
varying 
amounts of cellular exudate consisting of 
desquamated epithelial cells, unidentifiable 
degenerated cells, and a few erythrocytes, 
but they were rarely occluded, Frequently, 
such bronchioles exhibited epithelial hyper 
larvae 
alveoli. In 


plasia (fig. 6 were observed in 
bronchioles and mildly 
involved lobules, there was alveolar emphy 


sema and peribronchiolar pneumonic con 


more 


solidation 

Microscopic lesions in the bronchial and 
mediastinal lymph nodes of ealf 5 were 
similar to those described in animals 7 and 
10. In sections of lung of calf 5, the al 
veolar walls were ruptured or the inter 
alveolar septums were thin. Many small 
were ruptured, collapsed, or 
while larger bronchioles 


bronchioles 


distorted, 


‘ \ he 
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desquamation 
and usually necrotic debris 
without being occluded. There peri 
bronchial and peribronchiolar cuffing by 
eosinophils gas-filled lymphatics 
occurred in the pleura and interlobular 
septums. Immature lungworms were seen 
in the large 
clot removed from a bronchiole at necropsy 
Clini 
cal Changes.—This experiment involved a 
study of calf 6, which infected with 
0,000 larvae over a period of four days, 
calf 41-—a field Typical 
of lungworm were 
seen in both animals but the infection was 
calf 6. The larval 
output was 908 per gram of feces in calf 6 
199 per When killed, 
approximately four months after recovery 
thei 


hy inability to obtain larvae from the feces 


sionally showed epithelial 
contained 


Was 


Large, 


branchioles and in a_ blood 


Infections in Recovered Animals 
Was 


and also 


Case 


clinical signs disease 


more severe in peak 


and vyram in 


stuttis of recovery al rmined 


Fig. 2—Bronchiole showing partial occlusion by 
necrotic debris and eosinophils (calf 1). H & E 
stain; x 66. 
Fig. 3—Bronchiole (calf 4) showing occlusion by 
necrotic debris. Note larva (arrow) entangled 
in the necrotic material. H & E stain; x 20. 
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Fig. 4—Lungworm larva (arrow) being phagocy 
tized by a giant cell (calf 4). Some alveolar exu 
date is identified: an eosinophil (a), an alveolar 
lining cell (b), and a giant cell (c). H & E stain; 


there diffi 


culties im 


Was ho ey ‘ ) ( pul 


either 


atory 


calf 6 


encap 


Lesions The lungs of 


app ared normal exe pt tor a well 


sulated abscess, 18 mm. in diameter, in the 
left apical lobe. Lungworms were not recov 
ered from the lungs. A dorsal mediastinal 
lymph node contained a well-demareated, 
subcapsular lesion 2 mm. in diameter which 
grossly 
did not contain fluid 
distributed 


bronchial 


resembled a blister except that it 
Many similar minute 
throughout the 
hemor 


were 
The 


There was a complete absence of 


lesions 
node nodes were 
rhagic 
gross lesions in the lungs and lymph nodes 
of calf 41, although 5 immature lung 
worms were recovered from the lungs 
In sections 
the left 
distance 


Microscopic Lesions made 
from the apical lobe of lung of 
calf 6, but from the 


abscess, small bronchioles showed evidence 


taken some 


of chronic inflammat ion 
fine 
bronchioles 


and usually eon 


tained basophilic, granular debris 


These 


showing desquamation 
the epithelium 
ther 


degeneration of 
often ruptured 
hypertrophy Large bronchioles 
revealed infiltration of the 
tunica propria and peribronchiolar cuffing 
with lymphocytes. Dead approxi 


were 


and was muscular 


five ‘ 


ly mph 


mately 70 » in diameter, and dead larvae 
the bronchi, bronchioles, and 


were seen ih 


‘OOD > 

aA 
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TABLE 2—Data on 2 Animals Challenged with Lungworm Larvae Following Recovery from 
Initial Infection 


alveoli. The ova were stained purple with 
hematoxylin and eosin and, infrequently, 
contained a visible larva. Usually, the ova 
were unattended by a cellular reaction ex 
cept, rarely, when observed in the mucous 
glands of the bronehi surrounded by 
phocytes 


lym 
The cardiac and diaphragmatic 
the same lesions of the bron 
lobe 


were thick 


lobes showe | 
chioles as were the apical 
In all lobes, the 
ened by an infiltration by lymphocytes and 
fibroblasts 
alveoli 
tained 


seen in 
alveolar walls 


Little exudate was seen in the 
The mediastinal lymph nodes con 
dilated lymph while the 


bronchial nodes displayed seattered, large 


hemorrhages 
The 


most 


calf 414. demonstrated al 
complete microscopic 
Some small 
ruptured and the epithelium was desqua 
mated. A few larger bronchioles 
mildly cuffed with lymphocytes, 

small amount of necrotic debris was infre 
quently found in the lumina. Scant cellu 
lar exudate, primarily alveolar-lining cells, 
was found in the alveoli adjacent to af 


lungs of 
resolution ol 
pneumonia bronchioles were 
were 
and a 


Fig. 5—Mediastinal 
lymph (calf 7) 
showing distended lymph 
H & E stain; 
x 16. 


nodes 


sinuses. 


fected bronchioles The pleura Wis slightly 
thickened 
Infections 


mag Challenge 


Recor ore d Follou 
21 and 26, after 
with 12,000 and 


Calves 
infected 


lungworm 


being initially 
61.000 
veloped typical signs of lungworm disease 

At the time of 


with 


larvae respectively 
they were chal 

table Calt 
was given 33,000 larvae ina singh 
calf 26 68,000 larvae followed 
eight days 14,000 more. No clini 
cal evidence of lungworm disease resulted 
The calves 2] 
and 26 lacked normal elasticity and 
The 


whereas in 


recovery 


lenged viable larvae 
dose 
was given 
later, by 
Gross Lesions lungs of 
con 
small, white nodules lyinph 
calf 21 
calf 26 the mediastinal 
larged and the ruminal 


cysts filled with watery fluid 


tained 


nodes of were normal 


nodes were en 
nodes contained 
Lungworms 
were not recovered from the lymph nodes 
or lung tissue of either calf 

The 
septums of the lungs of calf 21 were slightly 
thickened due to productive tissue changes 
The alveolar walls were infiltrated by fibro 


Microscopic Lesions interlobular 
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blasts and lymphocytes, Isolated nodules, 
lymphocytes, rarely with 
eosinophils at the center, occurred through 
out the lung (fig. 8 Large bronchioles 
and bronchi usually contained basophilic 
debris and often displayed epithelial des 
quamation or hyperplasia. Lymphocytic 
infiltration, uncommonly limited to the 
lamina propria of bronchioles, extended 
into the peribronchiolar (fig. 9 

Small bronchioles, 
degenerated epithelium, were collapsed or 
ruptured and there was muscular hyper 
trophy of their walis 


composed of 


area 
having desquamated or 


Pathological changes in the lungs of calf 
26 were similar to those already described 
for calf 21, except that lymphoid hyper 
plasia about the bronchioles was frequently 
so extensive that all that 
respiratory structure 
epithelial lining 
the 
eosinophils 
lymph basophilic -stained 
were seen, which, when compared to im 
mature lungworms, appeared to be dead 


remained of the 
was a degenerated 
The subcapsular area of 
node infiltrated with 
In the germinal center of the 
nodules, 


mediastinal Was 


bodies 


6—Bronchiole 


with epithelial. hyperplasia 
A small amount of debris 
H&E 


Fig. 

(arrow) from calf 7. 

(a) is seen in the lumen of the bronchiole. 
stain; x 55. 

Fig. 7—A bronchiole with muscular hypertrophy 

(a) and degenerated epithelium (arrow) from 
calf 6. H & E stain; x 265. 
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Fig. 8—Lung from calf 21, containing nodule 
composed of lymphocytes with eosinophils (arrow) 
at center. H & E stain; x 66. 


larvae (fig. 16 Occasionally, the larvae 
were within multinucleated giant cells 
Ilemosiderin-laden macrophages were fre 
quently found in the lymph follicles of the 
mediastinal node. The ruminal was 


devoid of lymphoid tissue, and was com 


node 


posed of strands of fibrous connective tis 


sue separated by large cystic areas 


DISCUSSION 


Respiratory symptoms of the acute, fatal 
lungworm iniections reported in this paper 
be attributed to the evident 
froth mixed with immature lungworms in 


can grossly 


passageway, and to 
alveolar and 


the entire respiratory 
the 
interstitial emphysema 

This study indicates that 
of pneumonia adult 
necropsy does not necessarily eliminate the 
the 
Under 


microscopically evident 


the absence 
and of lungworms at 


possibility of lungworm disease as 


of 
field conditions, enlargement of the lungs 


cause death in young calves 
and the presence of froth in the respiratory 
passageways should suggest the possibility 
of death the fatal of 
lungworm disease lungworms 
froth are difficult to see in the 
respiratory tract de 
collecting the 


larger air passag container and 


due to acute form 
Immature 
mixed with 
but can be 


the wa 


readily 


tected by shings from 
holding the suspension in front of a strong 
light 

Histological that 
the extent and type of pathological changes 
in the lung varied the duration and 
severity of infections. The acute nature of 
an infection which termi 
nated fatally in 18 days, accounted for the 


sections demonstrated 


with 


the disease, in 


1592 
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3 
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Fig. 9—Section of lung (calf 21) showing peri- 

bronchiolar lymphoid hyperplasia. Note epithelial 
desquamation (arrow). H & E stain; x 40. 


absence of gross evidence of pneumonia 


The immediate cause of death in this ani 
Nonfatal cases of long 


mal (5) was anoxia 


duration were characterized by extensive 
lung consolidation which was accompanied 
by pleural and interlobular edema 
Acquired resistance to lungworm disease 
been 
that 


disease 


following recovery has 
This paper 


clinical 


reported substantiates 


finding, evidence of 


was not observed in recovered animals fol 


since 


at 


Fig. 10 (Left)—Dead larva in mediastinal lymph gland (calf 26) 
(Right)—Cross section of immature lungworm obtained from an experimental case 
gut of parasites (arrow) in each picture 
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lowing challenge, nor were living Jung- 


worms found in the lungs at necropsy. 
The phenomenon of inhibited develop 
ment of larvae has been deseribed,* 
The 
this work, 
found to harbor 5 immature worms in the 


results reported herein substantiate 


since 1 recovered animal was 
lungs at necropsy and dead larvae and ova 
were seen in histological sections of lungs 
of a second recovered animal 
Microscopic observations permitted a 
study of the pathogenesis of the pneumo 
In acute 
in addi 


nia of lungworm disease in calves 
cases, bronchitis and bronchiolitis, 
tion to the mechanical obstruction 
by large numbers of immature worms, 
caused the air passageways to become par 
tially occluded and stimulated the devel 
opment of extensive alveolar and inter 
stitial emphysema, resulting in death due 
lo anoxia 

The bronchitis and bronchiolitis of calves 
with nonfatal cases were not complicated 
by the extreme mechanical obstruction of 
the with 
larvae and 
with the 
bronchi 


respiratory passages numerous 
animals 
the 
lymphocytes 
The 
the 


occurred in 
Cuffing of 


froth as 
acute infection 
and bronchioles by 
followed inflammation of these parts 
into 


continued 


inflammatory process 


adjacent alveoli and the condi 


H & E stain; x 560 
Note 
H & E stain; x 475. 
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lion spread until entire or almost entire 
lobules were inxolved 

Kvidence of beginning resolution of pneu 
monia appeared in lobules which were com 
pletely consolidated. Ingestion of larvae by 
viant cells, the appearance ol alveolar lin 
with cytoplasmic vacuolization, 
and pyknosis of nuclei were the first signs 
of resolution, Apparently, resolution was 


nearly complete four months following the 


ing cells 


last detection of larvae in the feces in calf 
HL, since at necropsy only slight bronchitis, 
bronchiolitis, and secant cellular exudate in 
Lack of complete 
surprising since 5 im 


the alveoli were seen 


resolution was not 
mature lungworms were found in the lungs 
at necropsy Resolution was not complete 
in calf 6. There was a macroscopic abscess 
in the apical lobe, plus productive tissue 


changes in the alveolar walls and museu 
lar hypertrophy of the 
This experienced a more 
initial than calf 4. as 
and feeal 


lung damage was probably 


bronchiolar wall 
Animal 
infection indicated 


by clinical larvae (conse 


quently vreater 
in call 6, resulting in permanent 

histological study of 
challenged 


myury 
lungs of caly 
follow 


chang 


vere 
ronnie 


mechiol and a 


vith p 


hiolat mphoid hy 


ance of dead larvae in 


The ippeatr 


it lymph rock indicate 


enter and be phagor \ tized 


si IMARY 


The acute form of lungworm 


from infeetion with num 


hers larvae (e.g., T0000) while nonfatal 
resulted 


numbers (e.g 


5.000 


Mxtensive pneumonia involving en 


tire lobules occurred in animals with non 
fatal infections. Alveolar exudate consisted 
of: al lining cell 


lyinphoeytes and 


eolut eosinophil 
neutrophil Luar 
Cellular exu 


frequently 


vere een in the alveoli 
debris, and larvae 
bronchioles and | 
pleura and interlobulat 


vas due to fibrino 


ked dilatation of th 


necrotye 


chided the large onehs 
Thickening of the 


ec 


Alveolar interstitial emph 
vas a constant histological finding in 


infections A calt 


short duration (e.g 


with an inte 


IS days), did not 
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severe 
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play evidence of 
but small bronchioles were ruptured, col 


distorted Large 


MICTOSCO PIC pheumonia, 
bronchioles 
and des 
resulted 


lapsed, or 
contained necrotic debris, larvae, 
Death 
acute 


quamated epithelial cells 
from anoxia with 
longer duration (e.g., 28 to 29 days), dis- 
played pneumonia which was primarily 
peribronchiolar in location and rarely in 
volved entire lobules. The mediastinal 
lymph glands contained dilated lymph 

4) Ilistological that 
the pneumonia of was 
initiated by a bronchitis and bronchiolitis 


Calves cases of 


indicated 
lungworm 


disease 


which continued into the adjacent alveoli 
5) The resolution of pneumonia of lung 
worm disease was practically complete in 
1 calf killed for approximately 
four after Scant alve 
Olar exudate and cuffing of bronchioles by 


Hecropsy 
months recovery 
lymphocytes were observed, Productive tis 
ie changes and dead larvae and ova were 


een in sections of lung of a second recoy 
ered calf 

6) Nodules of Ly 
chiolat 


muscular hypertrop 


mphoid tissue, peribron 


lymphoid hyperplasia, bronchiolar 


and pre ductive tis 


changes i plat valls and 


interlobulat observed in the 
lungs Of 2 cals ed following recovery 
and chi | larvar In 
of the als vere 


Vinpon 


round 
the germinal | 


mediastinal 
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Effectiveness of Various Measures in Bloat Therapy and 
Prophylaxis, and the Resulting Influence on 
Rumen Fluid Characteristics 


J. T. BLAKE, D.V.M., Ph.D.; N. L. JACOBSON, Ph.D.; R. S. ALLEN, Ph.D. 


Ames, lowa 


BLOAT PREVENTION and treatment have been 
Many of the man 
which 


problems for centuries 


agemental measures practiced 
today were mentioned in early eighteenth 
century literature 


modern knowledge of the bloat syndrome, 


are 
In spite of extensive 


over 00 treatment and preventive measures 


have been advocated recently in scientific 


literature 


Kecentl suggested treatment i evo 


rized as follow defouming agent h ogen-ion 


preeipitant, 


Agents ich as metl 


ilferants, a intibiot 
igent 


Putty iid 


neuromuseular 


CONES, eonl tar preparatior 


saliva, detergents, and cream have been 


isn being effective in redueing bloat b rele 


the foam-trapped gas. Experiments comparing the 


defouming effeetiveness of a large number of 


izent in vitro have been conducted b Brunner, 
ind by Dougherty and Meredith.” It is now known 


that such agents also decrease rumen fluid surface 


tension both in vivo and in vitro 


The relationship 


surface tension and foam dis 
regard to bloat 
Nic hols has 


bubble size in 


between decreased 
persion, in therapy, is not well 
that deter 


bloat, thus 


understood proposed 


frothy 


gents 
illowing the 


bubbles to rise ind become 


liberation It has 


large! 
been 
iffect 
hydrogen-ion alter 


available for gas 
that 


more 


suggested changes in ruminal pl 
KK 


eructation efficiency; therefore, 


ints may have therapeutic value in bloat. Choles 


terol, a saponin precipitant, largely counteracted 
the chick growth- depressing action of alfalfa meal,’ 
It also has been bloat 
Although 


reports, antibioties have 


investigated as a prophy 


lnetn there are conflicting seientifie 


been reported as having 
therapeutic and prophylactic value 
bloat The 


intibioties on bloat is unknown: 


igninst cer 


tain types of mechanism of aetion of 


however, it prob 
with surface tension \ 


ibly is not associated 


solution of caleium, magnesium, and phosphorus 
has been reported of value in relieving bloat, pos 
ibly by eorreeting an eruetation malfunetion 


Many 
venting bloat have 


managemental recommendations for pre 


been suggested in recent 


However, the majority stem from the ‘phys 


Journal paper No 143116 
ment Station Ames, project 
Supported in part b funds prov 

ional Research Project N¢ 
Animal Husbands 
State College Ame Dr Binke'’s present addr 


North Central Keg 


From the Department of 
Department of Veterinar ence State 


eultural College Logan 


stimulus’’ theory of eruectation Although 


some 


research fails to support this theor these recom 


mendations should not be ignored until better 


preventive measure or a more le medicament 


ean be demonstrated 
The objectives oft the prese nt 
were to evaluate the effect of a 


agents on the bloat yndrome and to study 


research 
number of 


the interrelationships between rumen fluid 


characteristics and bloat pathogenesis 


periments 


grazing trial, where 

fonate-ts detergent 

alter trisodium 

ophyvlactieally, and i of the bloat 
entive effectiveness ¢ lt rgent and of 

choke idded t ve 


extracts 


terol when forage 


In both experiments, d multiple observations, 
tympanometer | measurements, or both were em 
effectiveness of the ther 


severit VAS 


eriteria of the 
Bloat 


ployed as 


ipy or prophylaxis rated from 


0 (no bloat) to 5 (severe bloat Bloat incidence 


recorded as the percentage of 


x bloat cases in 


relation to the total number of observations made 


K valuations were made on rumen fluids and, in 
Each surface 


Cenco-duNouy 


tensiometer, was the mean of at ast 


some Cases, on plant juices or rations 


tension value, determined with a 


interfacial 


five consecutive readings H ydrogen-ion 


tration was measured with a model HZ Beekman 


pH meter. Viscosity was measured by comparing 


the rapidity with which 15 ml. of sample and 15 


mil. of distilled water, respectively, flowed from a 


‘ml, serological pipette tationed vertically and 
filled to the top mark The sample-to-water 
irbitraril signed a value 
imple Spe 


gravity wa measured 


time ratio, with water 
of 1, 


cite 


indicated the relative 


maring the 
with ) f distilled 


weight of a 25-ml. sample 


water stu volume increase IV wis mens 


ured in a 50-ml. graduated ey ining 20 


ml. of sample ineubates 


peak vol 


ume oceurred. Foam h ermined by 
neasuring the 


half of the 


time req ad fe version of one 
foum in i if foam eolumn 
agitating - ip or two 
Waring 


produced hy 
minutes in a 


fouminess foam incase 


Suppliec 
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expressed as 0, no foam; 1, slightly foamy; 


moderately foamy; or 3, foamy 


very 


TRI 


(GIRAZING 


OF DETERGENT 


PHATE ON 


EXPERIMENT 
PHos 


\ND OF 
SODIUM 


ALFALFA 


BLOAT IN CATTLE 


with 11 beef 


cows int 


Procedure Two cattle 


groups, 


heifers and each, we main 
alfalfa 


1055 


yearling 
tained on pasture 
The field 
grazed in rotation to supply sue 
Water 
group 


received in 


continuously during the 


summer of was divided into seven 


plots which were 
culent salt 


continuously. ind 


Cone 


forage were 


ivailable ad libitum served as a con 


trol while the other suece 


S810n, per 


1000 Ib. of bod of trisodium 


weight, 50 
phosphate, 1) Gam, of detergent, and 30 Gm, of 
Subsequently, the groups 
group received the 
level \ 
period of minimum of three d 
All treatments were 
by gelatin ¢« sule In addition 


habits and 


detergent 
the 


were reversed 


former control deter 


gent at the 50-Gm control idjustment 


ivys preceded each 
treatment administered orally 
to the bloat 


vations, grazing weather conditions 


at Pe 


ted from all 


riodieally, rumen fluid imple 


nimals, and surfac ter 


vm half life, IVI, viseosity, specific 


and degree of foaminess were determined 


Results and Discussion One of the more 
difficult 


ments of 


evaluations in grazing 
the 


severity 


experi 
this nature 1s quantitative 
bloat Ordinarily, 


visual observation, palpation, and mechani 


estimation of 
cal devices can be employed. However, in 
this trial, only the visual 
could be used because many of the experi 
mental subjects were not tame, and it was 


observations 


with 
Variations in 
made the ob 
followed the 


minimize interference 
To reduce 


two 


desirable to 
grazing habits 
estimates, only persons 
and each 
evaluation guide 

The had little effect at the 
lower dosage level; however, at the higher 
level a significant * (P<0.01) reduction in 
both bloat severity and bloat incidence oe 
curred (fig. 1 Although there was some 
indication that trisodium phosphate re 
duced bloat slightly, results were much less 
with addi 
data would be deter 
the extent of Nichols 
has reported successful prophylactic use of 
detergents at a lower daily 
than that found to be necessary for effec 
this 
evaluations can 


servations, same 


detergent 


distinet than detergent, and 


tional necessary to 
mine reduction 


level 


dosage 


tiveness in trial. Before adequate 
use of the 
prophylactic for pasture 
type bloat, further consideration should be 


tech 


be made on the 
detergent as a 
given to palatability, administration 
nique, dosage level, and cost 

A difference in various physical proper 
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Graph 1—Prophylactic influence of a detergent (30 
Gm./ 1,000 lb. body weight daily) on alfalfa pasture 
bloat. Each group was composed of 11 animals 
ties of rumen fluid, collected periodically 
the grazing cattle, 

bloated 


animals, 


from was observed be 
tween 
bloated 
bloated 
gent-treated and 
IVI, 


and 
individual 


contemporary hon 


animals when 


and when not bloated, and deter 


and degree 


nontreated animals 
half life 
index) were markedly 
increased for ingesta from bloated animals 
and were oppositely influenced by prophy 


foam durability 


of foaminess (foam 


lactic administration of the detergent 
ble 1 Similar, but 


were observed for surface tension and vis 


(la 
less marked, changes 
cosity. Specifie gravity and pH were lower 
bloat and 
ministration of the detergent 

phosphate apparently had little 
rumen fluid 


during were increased by ad 


Trisodium 
effect on 


properties 


The effect of bloat on rumen fluid prop 


table 


rumen 


that conditions 


altered as a 


erties indicates 


in the result of 


bloat 


are 
The far greater stability of foam 
which was artificially 
with fluid 


bloated animals 


produced in wilro 
from 


, a8 compared 


rumen samples drawn 
nontreated 
with samples drawn from nonbloated ani 
mals (nontreated rather 
The 
and 
amount of foam and the decreased specific 
the thick 


foamy rumen ingesta which is usually pres 


apparently is a 
common development in cases of bloat 
increased surface 


tension, Viscosity, 


gravity are characteristic of 
ent in bloated animals 
pH of 


be 


The decreased 
bloated 
part, to 


rumen fluid from 


due, at least in 
the 


Perhaps piu is not a major factor 


animals 


carbon dioxide trapped in 


sample 


in causing bloat, so long as normal 


pH 
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TABLE i—Influence of Detergent Treatment on Rumen Fluid Properties of 
Alfalfa 


pated 
nontreated 
onbloated 


nontreated ) 


Detergent nonbloated 
(am 100 Ib. body 


ontreated 


Ingesta v 


signed value 


limits are not exceeded, although it may en alfalfa by mea ( lerson 


oil expel 
have an indirect role through its possible , is employed to produce —_ Cholesterol 

studies rere ‘ 0 ow et 
interrelationships with microbiological ae becan 


cipitating alfalfa #aponi ind in inhibiting 

tivity within the rumen and with the phys- 

ilfalfa meal growth-dey 
ical characteristics of the rumen ingesta 

Whether bloat decreased as a result of the Cholest 


ole ero! 


effect of the detergent on any one rumen 
fluid property, of the combined effect on juice 


several properties, or Was unrelated to any tomach tube to 


tice (0 
veight, re 
effect on these properties is not known to 18 months 
However, a relationship between decreased for the 
bloat occurrence and rumen fluid proper 
ties as altered by the detergent is. sug Boon 
gested by the data 


earch conduete 
terol successfull 
In general, bloat severity decreased in late ssing factor in 
summer. This could have been due to hot = diet of chicks at 
weather which reduced grazing or to poorer if the ration 
quality forage. Bloat oecurrence did not The sume detergent 
appear to he Closely related to atmospheric il sa bloat propl 
conditions, except that during uncomfort in this « 
direetl the alfa 


ably hot periods grazing nearly ceased. In 


the rate of eithe 
avreement with Johns,” at least mild bloat 


Ib 
ing was observed in all stages of plant 


vyrowth, including seed stage It was ob 
served that weeds and grasses were pre 
ferred, initially, to lush, young alfalfa 
Not until the leaves were stripped from 
weed and grasses did the cattle begin 
eating alfalfa extensively. Grazing habits 
were not altered noticeably as a result of 
daily administration of either the dete 
vent or trisodium phosphate. The gre: 
est Incidence of bloat occurred in th 
evening (approx, 6 to 9 pom.) and the 
vreatest inerdence in early morning 

prox am That the major 

bloat cases occurred after 6 p.m 

eral agreement with observation 


Kephart but doe not 


of Johus Results and Discu / er choles 


terol nor the detergen vhen added to 
alfalfa preadmi \ \ at the 
Various dosage lew 
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TABLE 2—Effect of a Detergent and Cholesterol 
on the Severity of Bloat Induced by Alfalfa Juice 


No. of 


observations 


Av 


severity 


bloat 
Treatment Rate * 
Control 17 
alone 
Detergent 
Cholesterol 4 3 
5 
4 
Deter 
of alfalfa 


gent, grams per equivalent of each 


forage cholesterol 
Alfalfa juice was 


of body 


grams per pound 
administered 


5 to 10 


administered 3 


ele of 8 0 per cent weight 


sased on arbitrar values ranging from 0 


to 5 (severe bloat 


of the measured properties of alfalfa juice 
rumen fluid were greatly 
addition of either product (table 3 
marked differences between pre- and 
administrative rumen fluid samples prob 
ably are due principally to the 
dilution effect resulting from the 
volume of plant administered 


or altered by 
The 


post 


preat 
large 
juice 


TABLE 3 


Rumen 


aiiure ol 


not cue 


Influence of a Detergent and of Cholesterol on Properties of Alfalfa 


AND PROPHYLAXIS 


tion of alfalfa juice, whereas it was quite 


effective against bloat resulting from graz 
ing of alfalfa 
ent contradiction is not clear; however, two 
different types of bloat may be involved 
Certainly, the bloat resulting from alfalfa 
juice administration differed in many elin 
ical respects and in character of the rumen 
ingesta (table 3) from pasture bloat (table 
] The negligible of rumen 
fluid properties Case 
be due to the 
trasted to the foamy 

from animals bloated on 


The reason for this appar 


alteration 
the 


absence 


in former 
of 


samples 


may 
foam as con 
obtained 
pasture 


MARY 
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preventive 
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alter 
An alkyl aryl so 
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noticeably as a result of either detergent 

or trisodium phosphate treatment 
Bloat-provocative alfalfa juice was pre- 

pared and administered by stomach tube 


to young dairy animals. Neither choles 
terol nor the detergent effectively reduced 
bloat or greatly altered the measured ru 
men fluid characteristics when added to the 
alfalfa juice before administration 


References 


Harrentine 
W Antibiotics for 
(irazin Ladino Clove 
146 
Heddo 
lown or en from Agricultura 
1427 J (Wales (1952 
Hlake valuation of Variou Physical and 
Nutritional Factors Kelated to Bloat. Unpublished Ph.D 
Thesis lowa Btate College Library Ames 1v 
* Brandt A. F Tests of Significance in Reversal or 
Switchback Trials. lowa Agric. Exper. Sta. Res sull 
244, 1906 
‘Brunner, J. R The 
foaming Agents in the Condensing of Skimmilk and 
Whey. J. Dai, Bei $3, (1950): 741-746 
* Chivers, W Treatment of Chronic tloat with 
Antibiotics North Am. Vet 15, (1054) 146-187 


Effectiveness of Some Anti 


Cattlh Calif. Agri 


J ACOBSON—ALLEN 


Cole, H Mead 


* Doughert W 


ing (Defrothing Agents 
tion of Bloat. J.A.V.M 


Johns, A. T Bloat 


Zealand J. Sei. and Te 


Kephart 
er Wallaces 
Kieiber, M 
(1045): 79-481 
Nichols, KR, 
Meal 


Voelker 
a In Vivo 
with Surface 


17-743 
Walter 


and Macla 


76, (1954 
W ei 
Ruminante 

251-255 
"Yoder, L., and Fe 
Emulsion of Cholestero 


Unpublished researc! 


xper 


and 


Onderstepoort 


Am. J. Ver. Res 
OCTOBER 1957 


Kieiber, M Bloat in 
662, 1942 


D Antifoam 


ent and Preven 


174-475 
1. New 


289-320 


on Sweet 


Instr 


and Blake 
itro Studies 


1954 


ompson, ¢ R 
Am. Chem. Bor 


Aqueous 


Alfalfa 


wees. Sta. 
n the Treat 
in (attic on Red 
\ 6 1054 
Farmer 1929 
I par te R 16 
Deo and p Bloat Vet 
D » Factor in 
J. Biol. Chen 18 64 
* Ryde 0 Bloat 
Theray 1.A.V.M.A 
tive nt ya 7 | 
st n Fructation in 
ows, W. D.: Action of 
n Aqueous Solutions of 
/ 


Studies of the Incidence and Morphology of Accessory 
Glandular Tissue in the Teat Canal of the 
Bovine Mammary Gland 


ALVIN F. WEBER, D.V.M., Ph.D.; DONALD S. WYAND, B.A., D.V.M.; 
MARY G. PHILLIPS, B.A. 


St. Paul, Minnesota 


THERE ARE several detailed reports in the 
literature concerning the presence of fune- 
tional accessory mammary secretory tissue 
in the walls of the lactiferous sinus and 
the teat sinus.':** These strucfures have 
been termed ‘‘periductal lobules,’’! 

This paper concerns some studies of the 
incidence and morphology of heretofore un- 
described accessory glandular tissue struc- 
tures in the wall of the teat canal (streak 
canal) of the dairy cow. These accessory 
glandular structures will be provisionally 
termed ‘‘periductal lobules.’’ 


MATERIALS AND METHODS 


While 
use, accessory glandular tissue was observed to be 
with the teat teat 


Holstein-Friesian cow In addition, one 


preparing tissue sections for classroom 


associated canal of a from a 
milking 
from this animal contained a bifid teat 


40 additional 


other teat 
Following these observations, 


from the udders of 


canal 
teats were obtained 10 dairy 
cows at the local abattoir. The 40 specimens were 
calcium-cadmium formol and embedded 
in celloidin. Serial 
a plane which was parallel to the longitudinal axis 
of the teat. The studied initially 
in an unstained and unmounted condition, It 
found that this technique was sufficient for pre 


epithelia ap 


fixed in 


sections were cut at 30 yw in 


sections were 
wis 
liminary examinations because the 
peared white in contrast to the surrounding tis 
Sample sections 
from the set of 


Weigerts’ iron-hema 


sues and, thus, were easy to see 
then 


serial sections, stained 


were selected at intervals 
with 
toxylin and Crossman’s Mallory triple stains,” and 


mounted on glass slides for further study 


ResuLTs AND DiIscussION 


and one ac 


One bifid teat canal (fig. 1) 
cessory gland in the streak canal (fig 
were observed in the four teats of the first 
udder studied. In the remaining 40 teats 


from ten additional udders, only one ae 
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periductal lobule was observed to 
from the wall of the teat 


cessory 
originate canal 
(fig. 2) 

The bifid teat canals appeared normal in 
structure and joined each other at the point 
of entry into the teat sinus. One was ap 
proximately one-third as large in diameter 
as the other, although both were functional 

The duets of each of the two periductal 
lobules observed contained a_ stratified 
squamous epithelium and each originated 
from the teat canal at an acute angle at a 
level approximately three-fourths of the 
distance from the apex of the teat (fig. 2 
and 3) to the rosette of Fiirstenberg. Both 


Fig. 1—An oblique section through the tip of teat 
(A) of cow 1 showing bifid teat canal: (a) apex 
of teat; (b) smaller teat canal; (c) larger teat 
canal; (d) level of rosette of Fiirstenberg. x 9.5 


he a“) 
d it? thy aby ¥ 


Fig. 2--A longitudinal section through the tip of 

teat (B) of cow 1 showing the periductal lobule 

in longitudinal section, The section is cut immedi 

ately lateral to the lumen of the teat canal (a) 

junction of teat canal and teat sinus; (b) gland- 
ular portion of periductal lobule. x 9.5 


ducts were patent throughout and vermi 
nated in a small lobule of glandular tissuc 
Vhich appeared to be funetional. The doi 
al extremity of one lobule (fig. 1 tena 
lightly above the level 
tenberg, The duet ier Was 
derably longer and omewhat larger 

the dorsal extremits lobule was 
approximately 10 mm. above the les 
the rosett 

Mxaminations of the glandular portions 
of the pv riductal lobules disclosed a central 
accular duet with short, radially directed 
ducts extending from it (fig. 4). The latter 
terminated as tubular structures or showed 
light alveolar dilatations. The epithelium 
of the central saccular portion was of the 
characteristic two-cell-layer-ty pr 
the lactiferous and teat sinuses and 
larger duets in the mammary gland 
I} pithelta of the duets and terminal 
alveolar dilatations consisted of a single 
laver of columnar cells which measured ap 
proximately 10 height 

The lumen o he central saccular duet 
contained a considerable amount of mull 
protein precipitate Many agranulocytes 
of the small lymphoeyte ty] together with 
considerable numbers of heterophils and a 
few eosinophils, were embedded in’ these 


lumen contents Occasional large cells 
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Fig. 5—A longitudinal 
section of a portion of a 
periductal lobule showing 
the two-layered epitheli- 
um of the centra) saccular 
duct (a) and the simple 
columnar epithelium of 
the terminal 

structure (b). 


alveolar 
x 440. 


which appeared to be sloughed epithelial 

The main duet, 
which extended from the lobule to the teat 
free of cellular material 
visible 


cells, were also present 


canal, and 
other 
elements 


Was 
microscopically noncellular 
findings were 
as indicating that 
of the periductal 
though at a very 


These interpreted 
the glandular elements 
lobules 


were secreting 


slow rate 


SUMMARY AND CONCLUSION 


1) Serial celloidin sections were made of 
the teats of 1] which 
slaughtered at a local abattoir 


dairy cows were 
The sections 
were examined for the presence of acces 
glandular tissue which was associated 
These 
termed ‘*periductal lobules.”’ 

2?) Onilv two teats from 1] 
contained glandular 


Cone 


sory 


with the teat canal structures were 


COWS studied 
these accessors strue 


tures other teat contained a bifid teat 


canal 


periductal lob 


main duct of the 


iles arose from the teat canal at an acute 


angle and in a position which was appro 
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mately three-fourths of the distance from 
the apex of the teat to the rosette of Fitir 
stenberg. The epithelium of the main duet 
stratified type, In the 
central saccular portion, it was of the 
The 


contained a 


Was Squamous In 


chat 
two-laver terminal 


acteristic type 


secretorv ducts and alveoli; 
single red 


1) The 


cipitate with a « 


low columnar epithelium 
presence of a milk-protem pre 
mstderabl acctmulation 
that the 


though probably ata 


of leukoeytes indicated vlandulatr 


tissue Was secreting 


very slow rate 
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The Characteristics of Agglutinating Antigens of 
l. Effects of Heat 


Vibrio Fetus Variants. 


and Formalin on Serological Activity 


M. RISTIC, Dipl. Vet., D.V.M., M.S.; F. H. White, Ph.D.; R. B. DOTY, M.S.; 
M. HERZBERG, Ph.D.; D. A. SANDERS, D.V.M. 


Gainesville, 
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ANALYSIS Of serological studies of Vib- 
fetus infected cattle indicates that the 
bacterial agglutination test has not been 
found entirely satisfactory as a diagnostic 
tool in such infections or in clarifying the 
antigenic relationships between strains of 
diverse origin, In previous studies, Ristic 
el al” indicated that variation of the 
S—R variety could account for heterogen 
within dissociation to 
the of 


With antiserums prepared 


strains, 1.¢., 


eity 


nonusmooth forms resulted in loss 


cross-reactivity 
against smooth forms 

It has been observed 
that 


to mask deep antigens and so confuse 


SOMME 
superficial heat-labile antigens serve 
the 
serological relationship, e.g. the lL. antigen 
of the Vi antigen of 
typhoid bacillus The effects of on 
antigenicity of V have 
ported by Wiidik and Hlidar® who found 
that treatment to change the 
antigenicity of from which 
evidence they postulated the existence of 
a heat-labile Hlowever, their 
experiments did control of 
and concomitant antigenic varia 
tional phenomena. Thus, the effects of 
heating on the antigenicity of whole eell 
V. fetus antigens were also studied with a 


be 


variants of strains be 


Escherichia coli and 
heat 
felus been re 
heat served 
the organism, 


antigen 
not imelude 
colonial 


view to observing the cross-reactivity 
tween 
fore and 
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noneatalase- producing 
used 
recently 
app 


ints 


sapro 


str ilso in this 


iin 4220, was 
had 


mucosa of in 


10, 


strain been isolated 


irently nor 


Colonial vari were selected 


T he 
rough ré 


n an earlier report.* variant 


Jignated ‘* very rred 


in this re port 
washed cells 


Albimi 


which 


ng antigens consisted of 
1 72 Brucella 
ugar idded, 


eoneentration of 


hour growth on 


0.5 per cent was 


final agar 


anti 


were prepared by 


sus 


cells in 0 per cent formaldehyde 


0.85 per cent sodium chloride 


intigens vere prepared by 


boiling 


two hours, washing twice by cen 


finally cells in 0 


The 


refrigerator 


nd ending the 
naldehyvae lime ol 


ition 


the 


con 


the lardized to a 


light 


intigens ine 
proximately o wer 


ectric 


cent trans 


solution using 

colori ensures it vot 
ipproxi Me 
phelometer 


intra 


a 21-day 


| 
4) per 
; and 
heep 
The \ iH Frank Agr 
M I Kir en 
incl Mr iH Khoade 
Veterinary Med od th dense formalir 
fe tur | t 
product of A 
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killed suspensions (approximately 10° cells per ml 


of the above deseribed respective antigens 


Agglutination tests were conducted by 


dilution of the 


prepar 


ing a 1:5 specific antiserum in 


formaldehyde-saline solution, Subsequent dilutions 


consisted of serial transfers of 0.5-ml 


of the diluted 


saline solution 


amounts 
intiserum in 0.5 ml, formaldehyde 
Antigen in the amount of 0.5 ml 
final dilutions of 1:10, 1:20, 


The mixtures incubated at 


was added to make 
1:40, et 
37 C. for 24 
The titer of the 
of the 
igglutination. The 


cetera were 


hours before results were reeorded 


serums Was expressed in terms 


highest dilution of serum giving complete 


for igglu 
fluid 


ue 
gentiy 


completes 


superna int 
tubes ere 


tination was evidence of a elear 


with presence clumps when 
igitated 

In agglutinin-absorption tests, absorbing 
ity of the antigens for antiserums was fir 
This 


intiserum to each of 


mined done by adding 0.5 m 

four tubes conta 
amounts of the antigen standardized 
t, and 6, 
rhe tubes 


after 


respectively, 1 the 
were incubates 
time the 

fluids testes 


three hours which 


centrifuged and the supernatant 


igglutinins 
> 
RESULTS 


Cross-agglutination reactions among for 
molized 
antiserums 


rough cells and their 


table ] 


degrees of neterogeneity, and in one CHSC 


smooth and 


are shown Various 


(strain |) complete inagglutinability, were 
shown between smooth and rough variants 
within the parent 
larity 
antigens of two ovine strains, 53-D 
rado) and | while the 
cells of two strains of bovine origin reco, 


Antigenic simi 
between 


strain 

smooth 
(Colo 

smooth 


was demonstrated 


(Illinois 


ered in Florida were serologically heterolo 
gous. Antiserum prepared against smooth 
cells of strain F agglutinated the smooth 


antigen 1134, of human origin, in a serum 
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lilution of 1:2,560. In general, strains 
53-D, |, and UF 
of their smooth antigens while, on the same 


1134 and F 


related to each other 


were related on the basis 


basis, strains appeared to be 
However, reciprocal 
relationships did not always hold, e.g Uk 
antibody vs. I rela 


anti 


antigen indicated no 
tionship while the | antibody vs. UF 
gen did indicate a relationship. This also 
held for strains 1134 and F 

On the rough 


grouping evident 


this 
that 
the F-1134 relationship no longer held, and 
that increased cross-reactivity was seen be 

tween F 53-D and | 
and | antiserum and F 
the reciprocal 
and | which 
longer held 


basis of antigens, 


was again except 


antiserum and anti 
Also 


antigen no 


wens antigen 
relationship between 


held 


with 


with smooth 


rough antigens 


W he 
cells 


relationships appeared (e.g 


antiserums prepared against S 
antigens, new 


1134 


were lost 


were reacted with R 
rum vs. Fk and 
e.g., I 
ing homologous strains 

Data 


reactions of 


antigen 


antiserum vs. all antigens includ 
cross-agglutination 
heated 


summarized 


pertaining to 


formolized and anti 
gens and their antiserums are 
table 2, A-H In 
cross-reaction occurred 
their 
sentially the same degree of cross-reaction 
when heated 
table 2, A Hlowever, in fou 
1134 vs. 53-D antiserum, 1154 
vs. | antiserum, I vs. U 


every case where a“ 
between strains on 
formolized 


the basis of antigen, es 


was observed antigen was 
employed 
instances 
antiserum, and F 
vs. 1154 antiserum), cross-reaction was ob 
served with heated antigen where the for 
molized antigen had 


In two 


failed to agglutinate 
heated 
higher 


instances, the 
three 


titer against 


antigen was serial dilutions 


TABLE I—Cross-Agglutination Reactions Among Formolized Smooth and Rough Vibro Fetus 
Antigens and Their Antiserums 


Am. J. Ver. 
capac 
ning 
i 
Vie 
ere 
t kK K 
if l 
¢ if if J 
‘ ‘ 


Risri W 


TABLE 2—Cross-Agglutination Reactions Among Variant Antigens and 
Anciserums of Five Vibrio Fetus Strains 


rmolized cells 


than that exhibited by formolized antigen illustrated table Instance 
y Uk and antiserums Other were formolized a} 
cases indicated a slightly lower titer when vhen homologous 
heated antigen wa mployed, bu uch employed ae 
differences were considered significant 
; heterologous strain 
when they , ss than three serial di 
emploved were 
lutions 
those ¢ ter 
The results obtained when an hibited 


exception of a ome 


prepared against smooth heated cells 


tested with two antigen preparations ar was exhibited by stri 


OOTOBER 19 
ntiserur pare] acainat oot ntiser net r ig 
\ 
form red 
H 1,280 64 H 1,25 ) 
40 120 I ( 
iH 640 640 H 0 
UF 1 640 i! i UF.1 12 f ( 
H 1.56 16 H 10,24 64 4 0 
0 ) 0 i H 4 1 64 
1184 0 10 60 1134 1 
H 4 640 ix H 64 | J 640 
Ant in” prepare. a nat t Ant t ig) 
heated cell j 
moot 
‘ en 1144 ant I) i 
if H 64 f 
I ( 
it ( 640 
ntiserums prepared against t t ‘ 
( 
formolized fory 
Kougl Kou 
ntiger oD UF 1144 intigen 1 
I 40 ( 160 10.24 10 iD 64 
I ( 1, 1,280 I 10) 
iH 10,240 2,5¢ 1,280 ii 64 
160 42,000 i I 16 1 
! 1,25 l i iH 12 
16 640 1,280 H 1 
i 10 0 0 6 1184 i 
nt i sired againat re nt 
{ 
if 64 f 64 H i 
I 
iH o4 64 i 1 
64 64 if 
i 
533-1) vs. 1134 anti 
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serum. When rough antigens were tested TABLE 3—Summary of Results of Cross-Agglu 
tination Reactions Among Variant Antigens and 


with antiserums prepared against rough 
| py Antiserums of Five Vibro Fetus Strains 


formolized cells (table 2, C), heated anti 
gens exhibited a significantly higher! titer 
in 13 tests, a significant drop in titer in 
three tests with a degree of cross-reaction 
existing among almost all strains. Rough 
formolized antigens did not react with 
antiserums prepared against rough heated 
cells table 2, D as observed previously higher 


N urn be of 
with smooth antigens (table 2, B eomsbinebions 


amootl 


With the exception of one test (table 2, 
D, 53-D vs. UF antiserum) in which no 


formolized 


cross-reaction was shown, all tests revealed , 
higher dilutions of antiserums than were 
considerable degrees of cross-reaction In > 
nonheated antigens. Rough formolized 
seven instances, smooth antigens, both 


heated and formolized, tested with anti 
serums prepared against rough formolized 


antigens were inagglutinable with anti 
serums of smooth heated cells (table 2, H 


- = On the other hand, rough heated antigens 
cells table 2, EB demonstrated no cross 


reaction. With heated antigens, the titer 
was Increased significantly in nine tests 


showed sheht degrees ot cross-reaction 
among the strains with the exception of 


three tests in which no cross-reaction Was 
and reduced in two tests. Again there was : 
demonstrated 

no cross-reaction between smeoth formol 

Summary of results of cross-agglutina 


tions among antigens and variant of J 


ized antigens and antiserums prepared 


against rough heated cells (table 2, fk 
based on reaction 


SO and higher 


a total of po ible 


Howey antiserums of rough heat 
reacted to a considerable degree 
smooth heated antigens with the exes ption 
ach 
est n which no demonstrabl 
a Rough antigens 
smooth 
demon 
rorlit liz 


Agglutination Reactions Between the Antigen f Noncatalase Producin; 
20 and Antiserums Prepared Against the Smooth and Rough Antigen 


Five Vibrio Fetus Strains 


Antiserums prepared against 
H 18 ) 17 1” 
itination reactior ‘ n dilution f 1:80 and 
ere regarded as posit test 
testa posit out s tota possible 
I H heat treated 
ho 
i 
TABLE 4-—Cross 
br Strain 4 f 
{ i 


76% Ristic— WHITE 


with antiserums prepared against heated 
cells 

Results of agglutination reactions be- 
tween ‘‘saprophytie’’ Vibrio strain 4220 
and V. fetus strains are shown (table 4). 
Ileated antigens of strain 4220 reacted in 
serum dilutions of 1:20 to 1:160 with anti 
serums prepared against both variants of 
the five V. fetus strains. Formolized anti 
yen of strain 4220 reacted in dilutions of 
1:20 to 1:80 only with antiserums of rough 
three V. fetus 


smooth V. fetus 


strains. 
vari 


formolized cells of 
Ileated antigens of 
ants reacted with antiserums of strain 4220 
in eight tests in serum dilutions of 1:80 to 
1:320. Heated antigens of rough V. fetus 
variants reacted in three with anti 
$220. Formolized antigen 


tests 


serums of strain 


of strain 4220 reacted with antiserum pre 
pared against heated cells of the homol 


ogous strain in a dilution of 1:160, whereas 
‘‘true’’ V. 
with 


such antiserums in the case of 

failed to exhibit any 

formolized antigen. 
Agglutination results obtained following 


fetus reaction 


absorption of antiserums prepared against 
formolized with heated 
(table 5). Antiserums 
against formolized 
agglutinins which reacted with both heated 
and formolized The agglutinins 
reacting with heated antigen were absorbed 
completely with heated cells, leaving essen 


cells antigens are 


shown prepared 
smooth cells contained 


re 
antigens 


the agglutinins against 
Rough heated cells, how 


tially unabsorbed 
formolized cells 
ever, removed 
of agglutinins which had reacted with bot?’ 
heated and formolized antigens 


practically equal amounts 


Disect 


existence of a thermolabile 


The 


ficial antigen of the smoth V 


super 
fetus cell was 
inagglutinability of 
pre 


demonstrated by ] 


the formolized cell with antiserums 


TABLE 5—Reactions of 


Dory 


Am. J. Ver. Rees 
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pared against the heat-treated cell, and 
(2) absorption of homologous agglutinins 
by heated cells from the serums prepared 
formolized antigen without effect 
on the agglutinating titer of this antigen. 
The heat-stable not 
appear to be an artifact due to heating the 
antigen. Antiserums which had pro 
duced with cells never exposed to a high 
of heat with 
antigens to titer 
such 


against 


component does 


been 


reacted 
heated higher 
than with That 
heat-stable antigens are not located super 
ficially on the cell is indicated by the find 
ing that heating, in removing or destroy 
ing the superficial heat-labile component, 
between 


degree sometimes 


an even 


unheated antigens 


Increases cross-reactivity strains 
Rough antigens, on the other hand, did 
follow the agglutinin-absorption pat 
tern of a smooth cell. When rough heated 
cells were employed to absorb the serums 
prepared against formolized 
the agglutinating titers of both heated and 
formolized reduced. This 
indicates that the heat-labile portion of a 
rough cell does not prove analogous to the 
smooth cell which represents a complete, 
antigenically distinguishable cell envelope, 
as demonstrated in the agglutinin-absorp 
tion test It 
that serological differences between intact 


not 


rough cells, 


antigens were 


is apparent from these data 


cells of smooth and rough variants may 
have resulted from the quantitative differ 
Hlow 
mutation could 
to degradation of 


the superficial antigen, since a degree of 


ences of their heat-labile antigens 
the 
not be limited entirely 


ever process of Ss R 


serological heterogeneity was demonstrated 
both vari 
superficial anti 


among heat-treated antigens of 
Degradation of the 
gen could conceivably be 
the 
smooth 


ants 
responsible for 


spontaneous agglutination of non 


variants in saline solution and 


normal bovine serum.” Loss of the super 


Antiserums Prepared Against Formolized Cells Before and After 


Absorption with Heated Antigens 


liter 


formolized ce 


expressed 


2 000 
20,000 
41,000 


10.000 


woth variant 


= 
trair 
a! 
\ oil Ant {na orbed t 
10,04 
KF Ru 42,0 
RH 4,006 
SH 
KH 
= Hl = hoat- treated 
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ficial antigen may have instigated an elec- 
tric change on the bacterial cell with the 
consequence that the potential fell below 
the critical value, which produced a 
weak 
spontaneous 


decrease of suspension stability in 


electrolytes and resulted in 
agglutination 

In evaluating the structural differences 
between and rough cells on the 
basis of their agglutinin-absorption pat 
tern, the existence of a third or flagellar 
antigen of V. fetus cell should not be over 
In fact, the previous report showed 


smooth 


looked 
the rough cells to be considerably less mo 
tile.” This indicates necessity for a detailed 
study on structural configuration of the 
entire V variants In 
order that the cellular mutation phenom 
and its 
teration may be clearly understood 
(table 2 
heterogeneity of the 


fetus cell of colonial 


enon accompanying antigenic al 
that 


Variants 


Data presented suggest 
serological 
within the parent 


heterologous strains is considerably 


strain and among the 
mini 
mized by use of heat-treated antigens. In 
general, heated antigens, when compared 
with formolized 
titer from 
dilutions in cross-agglutination tests 
tical 
however, could only be 


antigens, demonstrated a 
12 serial serum 
Prac 
presented, 


Increase one to 
importance of the data 
evaluated by 
ducting similar studies using serums from 
cattle which were naturally infected. In 


so doing, the serological spectrum of the 


con 


two antigenic preparations could be evalu 
ated, which might lead to the preparation 
of a test 
activity 


antigen of broader serological 


Such studies are in progress 
The lack of a reciprocal relationship be 
antiserum in 
that 

that the 
sharing may not be apparent in the agglu 
That is, 
a surface component, or if it is a 


tween antigen and some 


cases would seem to. indicate 


Somme 


strains may share antigens, but 


tination reaction an antigen, if it 


Is not 
quantitatively minor component, would not 


react in the agglutination test when used 


as a cell antigen. but would act antigenic 


inducing the production of agglu 


rabbit Hence. relat 


trains may become apparent only 


ally 
tinins a honships 
between 
when the re iprocal reaction 
formed (e.g., UF vs. 1, table 2 
vs. I, table 2, B 

Strain 4220, being catalase-negative and 
Hi.S-positive, is presently characterized as 
‘saprophytic’ Vibrio 
habits the bovine genital mucosa 


tests are pet 


A and 53-D 


strain which in 


' Colonial 
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this strain 
of catalase-pro 
strains.” On the other 
fetus vari 


dissociative phenomena of 
greatly differ from those 
ducing V 
hand, heat-stable antigens of V 
ants were, to a degree, shared serologically 
with strain 4220. Should noncatalase-pro 
ducing Vibrio prove nonpathogenic for cat 
tle, it would be of to examine the 
immunological status of a host this organ 


fetus 


interest 
ism inhabits in respect to: (1) resistance to 
with V 
reactive 


fetus, and (2 


with V 


infection presence 


of antibodies fetus anti 
rens 

Strain 1134, of 
Dbasis Of its serological reactivity and bio 
cultural 


human origin, on the 


chemical and characteristics, in 
cluding 
was not distinguishable from a } 


bovine 


dissociation phenomena, 
fetus ot 


Whether 


fetus, or 


origin (eg. strain F 

strain 1154 is strictly a human V 
whether 
priority 
ther 


such a designation means only 
in isolation, is a subject for fur 


research 
SUMMARY 


Presence of a thermolabile superficial 


antigen on the smooth Vibrio fetus cell was 
use Of agglutination and 
This 


substantiated 


demonstrated by 


tests charac 


agglutinin-absorption 
teristic was not completely 
on the rough variant cell in the agglutinin 
absorption test Boiling for two hours de 
removed completely the 


true’’ V 


stroved or super 


ficial antigen of fetus and only 


partially degraded or removed the super 


Vibrio 


inagglu 


ficial antigen of the ‘‘saprophytic 


Degrees of heterogeneity and 


tinability were demonstrated between 


smooth and rough variants within thi 


parent culture and among the variants of 
Serological 


five strains heterogeneity ol 


the variants was considerably minimized 
heat-treated antigens. The great 


het el 


by use o 
est number of cross-reactions 


strains resulted when rough heated ant 


Heat 


variant 


agvlutinated vith 
he 


stable antigens of J 


were 
prepared against ro ated cell 


to a degree, serologically shared with ap 


noncatalass produc ing Vibrio 


ented, 


rophytt 
on the basis of the data pres 
that use of heated 


dition to formolized antigen may aid in the 


appears antigen in ad 


interpretation of the serological tests used 


for the diagnosis of vibriosis 


E 
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Immunization of Cattle Against Experimental Anthrax with 
Alum-Precipitated Protective Antigen or Spore Vaccine 


F. C. JACKSON, D.V.M.; GEORGE G. WRIGHT, Ph.D.; 
JAMES ARMSTRONG, D.V.M. 


Angleton, Texas, and Frederick, Maryland 


ELABORATION of the protective antigen of was also undertaken, and certain features 
Bacillus anthracis, in vitro, was first dem of the experimental infection were studied 
onstrated by Gladstone.* Chemically de 

fined, nonprotein mediums for production \TERIA Nb METHODS 

of the antigen were developed by Wright intigen Preparations._Two preparations 

et al”! Protective antigen present in fil ilum-precipitated protective antigen were 
trates of the cultures was concentrated and Both were produced by growth of the RINE 

of B. anthracia in 500-medium I'he 


stabilized by precipitation with alum. Im 
munizing activity of the alum precipitated nonproteolytic, nonencapsulated mi 
antigen vas demonstrated by cutaneous phe sterile, antigoen-c 
challenge in rabbits and guinea pigs, and 
by cutaneous and respiratory challenge in 
monkeys The antigen protected rabbits 
against challenge with strains of B. an 
thracis of various origins.’ Properties ol 
pore parations of antigen produced 
In more complex m diums, have been de 
scribed b Belton and Strang and by 
Boor 
Immunization of cattle, sheep, and swine 
with the alum-precipitated antigen was ti 
studied by Schlingman et al.” They devel tested by immunization of rabbi 
oped an oral challenge procedure that pro the stock antigen were prepared in 
duced fatal infection in a large proportion  @!4 groups of rabbits were immunized by intra 


cutaneous Injection five doses on alte 


of normal cattle. Two injections of alum 

imate anys The adilu ons were doubles 
significant immunity against this challenge 


procedure. Sheep resisted intracutaneous 


preparation 761 because this produet had beer 
concentrated twenty fold from the original filtrate 
Seven days after immunization, the animals wer 
injection of 200 Ld.so or more of spores challenged by the intracutaneous injection of 
three months after immunization; the im 10,000 spores of the Vollum strain of B. anthacis 
munity had declined appreciably after five Kach preparation was assayed in rabbits befor 
to seven months and after it was used for immunization of eattle 


Further experiments with larger num The results of the successive assays were not sig 
bers of cattle seemed necessary for esti nificantly different (table 1 The preparatior 
. . » " were similar in antigenic aet t to those used j 

mation of the usefulness of the produet 


under field conditions. It was of interest 


Spore Vaccine The inthras 
to determine whether a single Injection Of Carbozoo R nonex ipsulated." 
antigen would produce satisfactory im 


Challenge Suspension for Cattl Ihe 
munity. Preliminary comparison of the 


strain of B. anthracis is d Chis 
protection atforded by the sterile antigen been isolated from enttle wi inthea 
with that produced by an improved spore 1951, and had been | 


vaceine of the type deseribed by Sterne ! in a guinea pig 


prepared | 


at 
pore 
Alibris Ca ind at Jones tor for Phe mie 
arryvir t the tud athe ‘ ar 


WRIGHT 


1 spores 
illy during 
Viable counts 

up Of animals 

the challenge dose 

given in all 
Hereford 


old and weighing 


spores were 

{nimals 
months 100 to 700 Ib 
They had been raised in an area of Te 
mthrax The 


kept 


steers were 


illy reputed to be free of 


marked for identifieation and wer together 


ementar 
tllenge, 


to the challenge 


inder ideal range conditions with py 


feedings as required, One kK before eh 
trucked 155 miles 


the were area 


TABLE 1—Assay of Antigen in Rabbits 


Kabhite 


aur’ ing 


rhe animals were challenged in a sereened isola 
floor and a 


held at 
died of 


tion barn equipped with a concrete 


closed drainage vyatem Survivors were 
least 21 days after challenge All that 
anthrax, and those that killed, 


and completely 


were were nheecrop 


ied a8 s00n possible cremated 
within 24 hours 

Method of 
challenged by the 
feed 


compactness 


Challeng: All 


Commereial 


Route and steers 


were oral route 


cattle pellets were selected for length and 


Usually, pellets approximately 3 
obtained A 


ehalle dose, 


eould be inch hole, 


long 
deep enough to hold the 


inches 
was bored 
appropriate vol 
pellet 
and the hole was closed with a small eork. Each 
before it was offered to the 


into one end of the pellet. The 


ume of spore suspension was placed in the 


pellet was filled just 


animal, The pellets were usually voluntarily con 


sumed, but foreible feeding was occasionally 


recessary 


EXPERIMENTAL PROCEDURES 
AND RESULTS 


First 
total of 
taneously behind 
of antigen preparation 
later, 150 of them 
similar injection behind the opposite shoul 
der No 
noticed 

Challenge <A Three 
munization, 25 of the 


and } 


Immunization 


SOD) steers 


Experime nt—A 
injected subeu 
the shoulder with 5 ml 
690 
were 


were 


Kleven days 
vrivell a second, 


local or systemic reactions were 
months after im 
that 
nonimmunized 
control steers were challenged with 1.5 x 
Twelve (48%) of the 
steers and 3 of the 4 control 


steers had re 


ceived one Injection 


10° spores (table 2 
immunized 


ARMSTRONG 


died of anthrax Of the 35 


munized 


steers unim 
animals challenged in all 

died of anthrax 
challenge Thus 
probable that the single injection produced 
that could be detected after 
three months, but it vident that it did 


against 


eontrol 
experiments, 26 
after a single it appeared 
Immunity 
WAS 
resistance 
Accordingly, 


not confer satisfactory 
the standard challenge dose 
two injections of antigen were used in the 
subsequent experiments 

Challenge b.—Six months after the first 
injection of antigen, 20 of the 
had received two injections, and 9 controls, 
manner, In 


steers that 
were challenged in the same 
advertently, the remainder of the vial of 
that had used in 
used for challenging the 
No deaths oc 
control ani 


spore suspension been 


challenge A 


first animals in this group 


was 


curred among immunized or 


mals known to have received this spore 


Accordingly, seven days after 
surviving 


SUSpension 
the initial challenge, all of the 
were rechallenged with active 
The results of the 
two challenges are summarized (table 2 

Thirteen of the 20 immunized ani 
mals died of that the 
immunization did not produce 
that effective after six 


animals 
SUSpension combined 
(65% 
anthrax, indicating 
two-dose 
immunity 
months 
Second Immunization Experiment 
The low level of immunity obtained in the 
because 


was 


first experiment was unexpected 
of the indications obtained by Schlingman 
et al.” that persisted eight and 
12 months after injection of 2, doses 
of similar preparations of antigen. Since 
the interval of 11 days between the two 


Immunity 
5 ml 


injections of antigen might have been too 


short to permit a true secondary 
satisfactory im 


response 
with 
munity, a hew group of 2) steers Was given 
2, 5-ml antigen with an interval 

them. Preparation 
fold from the 
culture filtrate, was used. An equal num 
kept with the im 
At a later date, 6 normal 
subcutaneously, 3 
caudal 
nonencapsulated 
chal 


interval 


development of 


doses of 


of one month between 


761, concentrated twenty 


ber of controls were 
munized animals 
steers were injected 
behind the shoulde 

fold, with 1 ml. of living 
These 


final 


and 3 in the 


vaceine. ' animals were 
with the 
between their immunization and challenge 
Animals immunized 
were challenged 


half 


spore 

lenged group; the 
three months 
protective 


Was 
with 
one month, three and a 


antigen 


months, and 


Kes 
77% JACKSO 
ter t ec! ed 
ry of the ork to 6.5 
etermit befor ch 
ure enged olun 
of sj ted so that 1.5 
gener 
tion of Kabbit 
tration ant n hatlenged 
j 
1:6 4/6 


IMMUNIZATION OF ¢ 


TABLE 2 


seven months after the second injection 
of antigen 

Facilities and procedures were improved 
for these challenge experiments. Body tem 
peratures were recorded daily, and blood 
cultured for 


In challenges D and E, 


samples were several days 


after challenge 


serum samples were taken before challenge 


intervals thereafter for study of 
complement-fixation titers. Again, necrop 
were conducted on all animals that 
died. The results are summarized (table 2) 

Challenge C.—One month after the see 
ond injection of immunized 
animals and & were challenged 
All of the immunized survived, 
and none showed a significant rise in tem 
perature or other signs of anthrax. Of the 
S controls, 6 died of anthrax and another 
ill and its temperature 


and at 


sles 


antigen, & 
controls 
animals 


Was severely rose 
to 103 F, 

Challenge D.—Three and a half months 
after immunization, when similar groups 
of animals challenged, 6 of & im 
munized animals and 2 of 8 controls sur 
vived All rechallenged 
eight days after the initial challenge, and 
1 additional control animal died four days 
The deaths of 2 of the 
immunized animals suggested that the im 


were 


survivors were 


after this challange 


munity of the animals had declined during 
the interval between challenges C and D 

Challenge E.—Seven after th: 
injection of immunized 
were challenged 


months 
second antigen, & 
animals and 6 controls 
The 6 that had 

vaccine three months previously were chal 
Two 


steers received the spore 


lenged at the same time control 


ATTLI 


AGAINST ANTHRAX 


Challenge of Immunized and Control Cattle 


this challenge, and all 
surviving animals were rechallenged after 


animal 


animals survived 


seven days; 1 additional control 
died. The deaths of 5 of the & immunized 
steers indicated that the immunity had 
declined significantly from the level at 
tained one month after immunization, All 
of the animals that had received spore vac 
cine survived, although there was evidence 
of infection in all 
General Features of the The 


animals 


Infection 


earliest sign of infection in most 
was an elevation in body temperature to 
greater than 102.5 F. The initial elevation 
was noted on the first to the eighth day 
after challenge, and occurred on the second 
day in 15 per cent of the animals, on the 
third day in 60 per cent, and on the fourth 
day in 15 per cent 
ture recorded was 
that died 


The highest tempera 
106.9 F. and, of the 45 
during the last fou 
challenge experiments, 36 had shown tem 
peratures of 103.0 F. or greater, and 32 of 
104.0 F. or greater, on at least one day. The 
recording failed to detect tempera 
than 102.5 F. in 4 of the 
animals that died, all of 
trol that died 
after challenge 

Marked depression 


animals 


daily 


tures greater 


which were con 


animals within four day 


rapid pulse, glazed 


and staring eyes, muscular tremors, and 


debility were commonly observed as the in 
fection progressed Evidence of colicky 
diarrhea 
elevated 


peratures would still eat and drink and, in 


and blood tinged were or 


Steers 


pains 


seen with tem 


casionally 


CASES close obser vation Was necessary 


to detect abnormal behavior 


t 
‘ ‘ ‘ 
\ i J 
6u 1.4 
l i¢ 
6. 
61 i 14,4 
la 
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In the terminal stages, signs of illness 
pronounced, 
distress. Breathing 
labored with the mouth held open, tongue 
dilated Blood 
tinged, foamy often bubble 
from the mouth the 


animal became completely prostrate. Bleed 


respiratory 
and 


were especially 


was accelerated 


protruding, and nostrils 


mucus would 


and nostrils, and 


ing from the anus was observed occasion 
ally, and prolapse of the rectum was noted 
in 1 steer 


blood, for culturing, were 
routinely drawn into sodium citrate 
half the 
group, and 


Samples 


Samples of 
solu 


animals in the 
from all of the 
were ob 
after 


none 


from over 


challenge B 


tion 


animals 
the 
Challenge and daily 
of the showed 


subsequent 
second day 


first or 
thereafter 


evidence of 


tained on 
SUrVIVOrs acute 
eulture vere pre 
ml of blood 


challenge 


Pour plat 
pared with approximately 
that 


infusior 


xcept 
Difco 
ubstituted 
( and 
anthracis 


Vo itive 


agar, ¢ 
brain-heart Was 

Thi 
examined for typical 


after 24 and 4&8 hi 


enlture obtained 


plat vere a 


were from 


before death 


effort 


most of the animals During 


challenge 
to prepare the 


when special wer 


within a few 


drawn, 


cultures 
the blood wa 


were 


minutes of the 
positive culture before 
death from all of the died 
The B. anthracis colonies per plate ranged 
from one to a total too numerous to count 
The longest survival after the first positive 
culture but animals 
died within 24 the the 
initial positive blood culture that 
had shown a blood sur 
vived. Numerous encapsulated bacilli were 
the blood of all 


obtained 
10 animals that 


was 46 hours, most 
time of 


None 


culture 


hours of 
positive 


in stained smears of 
animals that died 

Gross Pathology.—The that 
died of anthrax were examined within four 
The time between challenge 


19 animals 
hours of death 


and death ranged from three 
Rigor mortis was frequently absent or in 


tO SIX days 


and decomposition of tissue Was 
blood thick, dark 
failed to clot 


flowed 


complete, 
The 


rapid Was red to 


black readily ree 


blood 


and 


occasionally from the anus 


frequently from the nostrils 


less 


Kdematous swellings were present along 
the neck, flanks 
one third of the 
the prescapular 


nodes could be deteeted in 4 animals prior 


or lumbar region in about 


steers Knlargement of 


and prefemoral lymph 


fo 
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bled 


vessels 


the 


cutaneous 


freely 


At necropsy, animals 
Sub 


from the blood 
cutaneous hemorrhages were common and 
Large. clearly demarcated 
with a yel 


size 
areas of hemorrhagic 
lowish, gelatinous infiltration were present 
the lumbar the midline 
Hemolymph nodes were enlarged and 
numerous 

The organs are described in the order of 


varied in 
edema 


over region hear 


decreasing frequency of gross lesions 


Spleen The spleen presente he most charac 


ind constant gro ithological changes 


read ng f to 3l 
in length 
inches in 
pieens 


ind located 


pyiorus, Was Profuse 


hemorrhage and edema inte tion caused a 


clear line of demare contiguous 
The 
through the 


free 


bowel hemorrhage rom the serosa 


mucosa, id e | 1 of the bowel 


contained blood ane d mucosa In 


the adjacent mesenter vessels were 


markedly engorged and ruptured, and 


the lymph nodes were bout their normal 


morrhage i both cortex and 


inder of the 


size, with massive h 


medulla The mucosi of thie 


intestine shows petechiae and 


small 


ecchymoses, and the con lumen were 


often mixed with 
Nodes ‘ ) ore nph 


showed Os mthologiceal eh 


Lymph nodes in 


ich steer inges A 


edema 


ypical case might sho orrhage and 


the preseapular 
the pref 


bronehia 


lungs was 


showing 


| 
It 
ine 
na +} ti ekened 
The ‘ Severa 
} hich t 
\ 
hemor y } 
I 
ALE ! | 
puly 
hag n tl nt tf 6 ine 
t feet from tl 
in nod ble involve 
femoral tir ! mesenteri 
nla | | | 
f 4) the ais : 
Tew i to ott rte 
trated ith |} 4 +} t the 
Lungs, Trach Epiglott Congestion of 
| 


NIZATION OF} ( 


comme 


eardium 


the 


were 


peri 


common 
Petechine 


conge 


ob 


animals 


Bra 
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Nerological Studu 


of possible minimal or inapparent infection 
that 


complement-fixation 


» obtain evidences 


among animals survived challenge 


titration were cul 


ried out on sé btammed before 


ut 


pote 
intervals r, challenge 
had that 


oceurred mifected 


and Viet 


studies shown marked 


titer 


a 


inh SuUrVIVOl 
ixation 


thie cold 


complement and culture 


eral spect reaction 

with guinea 
filtrate that 
The method 

described in detail by Jones and McGann. 
Results of the titra 


tions and summaries of the body tempera 


ried out on pig 
eon 


tained protective antiven “mre 


comple ment-fixation 


ture records of the respective animals are 
table 3 


relation between the occurrence of a febrile 


given There was a general cor 


reaction and the development of comple 
febrile 


ment-fixation titers. Titers without 


TABLE 3—Body Temperatures and Complement-Fixation Titers of Surviving Steers 


serum 


samp 
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led morrt we | troche il ye 
ows tained blood nd the g } the 
‘ gost \ er 
pig 
nd the entric 
+} 
col n tl +} naa 
‘ 4 we ny 
t} ‘ ty here hea l 
| ! urinar Dladder ippeared nor 
cel I hict thre miue cor 
} tio? th motes 
Abor The of the abon 
Tong Por gus. 
t f ti ; 
ece} t } ne 
Heart ‘ The | t not — 
present, tl ‘ i we 
tim ter fror thy | | n thr yl +) 
‘ n ft tl ‘ liu \I 
cardial hemorrhages covering both venti re 
fair Scattered pete! ind eee 
moses we in the epleardiun nd endo 
ere oe onal found 
dark red nd friable Petechiag 
|r nd Membrane The brair of steer 
nee elevated temperatur nef nm tite 
ex] ent atior temperatu ecorded (4 te ida after ser 
m pre pitated 
ant er 
Alum-precipitat 
ant et 
antiget 
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ant 
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sntiger 
im-pre pitat 101.8 ‘ 
ant en 
sntigen 
Spore Va ne 
Spore vaccine 104.4 ¢ 
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response were developed by 43 animals, pre 
sumably because the infection was mini 
mal. No elevation in titer occurred in 1 
normal animal that survived following an 
temperature for four days 
animals that had 
all showed marked elevations of 
challenge; evidently all 
febrile 


elevation of 
The 6 
vaccine 
titer following 
infected, although 
were mild or absent 


recely ed spore 


were responses 


DISCUSSION 
The experiments confirm the” immuniz 
ing activity of the alum-precipitated an 
thrax antigen in cattle, and indicate that 
the immunity declined significantly from 
the level reached one month after the see 
ond injection of antigen. The decline was 
more rapid than was expected on the basis 
of the results of Schlingman ef al.” with 
smaller numbers of animals. Explanations 
for this possible difference include varia 
animals, differences in the 
conditions, or 


tions in the 
environmental differences 
between the preparations of antigen. There 
would appear to be no way of evaluating 
the relative importance of these factors 

A single injection of antigen evidently 
produced a certain degree of immunity, 
although it now appears that the interval 
of three months between immunization and 
challenge was too great to permit a clear 
demonstration of the effect, Two injections 
of antigen, with an interval of one month 
them, seemed to 
immunity but, different 
of antigen used in the 
second immunization experiment, the con 
clusion is somewhat tentative. It would ap 
pear that barely detectable immunity per 
months after immunization 

A single injection of Sterne-typ 
vaccine produced effective immunity three 


bet ween produce more 


effective since a 


preparation Wis 


sisted seven 


spore 
months after immunization. It is of inter 
est that, 
vived the 


although all of the animals sur 
there was serological 
infected, and 4 
showed brief elevations 


Additional 


to determine the duration of the HME 


challenge, 
that all 
animals 


evidences became 
al the 
In temperature experiments 
following administration of vaccine 
he of 


Schlingman et al.” pointed out that there 


spore 
would interest 

is no basis for relating the severity of the 
artificial challenge 
verity of the natural exposure under field 
It is possible that the challenge 


procedure to the se 


conditions 
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than 
levels of im 


was much more severe 


that 


procedure 


natural exposure, and 


munity inadequate to withstand artificial 


protective under 
The pri 
found at ne 
The 
infection spreads via the lymphatics to the 
It is generally believed 
in cattle is usually 


would 
conditions of 


challenge 
natural 
mary site of 
cropsy, is a region of small intestine 


prove 
exposure 
infection, as 


general circulation 
that natural 
associated with 
Presumably, the 


anthrax 
contaminated 
artificial chal- 
infection not 


Ingestion of 
forage 
lenge procedure produces an 
unlike the natural 


disease 


SUMMARY 


injections of alum 
Immunity 


Two subcutaneous 
precipitated 
to anthrax in 
effective 
had declined somewhat 
half months, 
after seven months. One challenge dose of 
1S x 16 mouth, 
fatal to 74 per cent of the control animals 
In animals that died of infection, a charac 
found in 
the small intestine and adjacent mesenteric 


produced 

The 
after 
after 


antigen 
cattle 
month 


resistance Was 


one Immunization, 


three and a 


and was barely detectable 


spores, given by was 


teristic lesion was consistently 
This lesion appeared to be 


generalized 


lymph nodes 
the portal of 
infection. A single injection of alum-pre 
cipitated antigen effective than 
The effectiveness of a non 


entry for the 
was less 
two injections 
encapsulated living spore vaccine was also 

experiment. All of 6 
chalk neve 


immunization, but all 


singl 


tested in a 
three months 


showed evi 


animals survived 
after 
Characteristics of the 
partially 
and the 


presented 


dence of infection 


disease in normal and immune 


animals are discussed, results of 


Hecropsies are 
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Distribution of Micrococci and Other Bacteria in Milk 
Samples from a Single Dairy Herd After Twelve 
Years of Mastitis Control 


O. W. SCHALM, D.V.M., Ph.D., and J. LASMANIS, D.V.M. 


Pai iS, 


250 


major 


A state hospital with a dairy herd of 


Llolstein-Friesian cows has been a 


cooperator in our studies on mastitis sine 


1943 


Management practices have been well above 


During the entire period, all basic 
average in excellence 
eliminated 
directed 
udder infections due 
produce 


Streptococeus agalactiae vas 
from the herd between 1943 
Thereafter, the program was 
the control of 
to the toxin-producing micrococc! 
which 


and 
toward 


cows shedding micrococes 


beta toxins were detected by 
the 


addition 


alpha he la or 


streaking incubated milk on surfaces 
ot In to 
strict segregation of shedder cows, a variety 


of 
infected 


cow blood agar plates 


therapeutic agents were infused ito 


glands both when lactating and 
when dry,'* 


hera 


14 


Coliform mastitis appeared in the 
in 1947 and became a serious problem 
A successful method for treatment was de 
veloped, using massive doses of dihydro 
An unsuccessful attempt 
between 1948 152, to 
crease the resistance of the herd to coliform 


the of 


streptomycin 


was made and in 


through tise 


vaccines"! 

Since 1952, mammary quarters shedding 
toxin-producing micrococci have been less 
treated during but 
treatment of all infected quarters 
was continued during the dry period. It 


vigorously lactation, 


know 


was conjectured that a coecic flora present 
the 
have 


in gland during lactation 
value in preeluding the 
establishment of a coliform population in 
the udder.“ 

This paper is concerned with the distri 
bution of bacterial types in milk samples 
from the herd the two 
year period from 1955 the thir 
teenth fourteenth mastitis 
control 


may some 


during 
to 1956, 


vears ol 


obtained 


and 


Meriop 


the Dau 


cow 


From the & 


f ¢tuliferr 


California 


chine and stripped 
milking designed to redu 
Prior 


wate! 


giand infections 
leaned by 
mitted to dry 


ipphed, the te: 


were 


containing a chlorine 


The teats were agai 


ping by dipping then 
Before 


tudy, an 


drawing milk 
proper technique ipp 
chlorite solution 
gal of 
washeloths 


per | water 
clean 
gloves to protect 
strong chlorine 
vere from 


study 


drawn 
ologi al 
In sampling, the 


carded and then 


sterile serew 
1: 300 bromeresol 
samples drawt 


they 


were 


were being san 


quarter samples were 


the week of calving 


from all cows when 


desired, or following it 


dry cows were 


eliminated from the 


cubated at 37C 


for 


and then refrigerated a 
the 


the 


60 miles to 


White 


in parallel w 


Samples for 
dueted 
during part of the i 
time and 


the 


In 


kept 
Laboratory 
recorded on art 
laboratory 
ample was strenke 


tryptose, cow blood 


tion at for 1s 


enrefully examined 


irious microorganisny 
i tentative identifie 


Preliminary eclassificat 
follows 


the co 


was made as 
surrounding 
hemolysis, usuall 
of the colony; Al pre 
and B 

Pure 


nol-red, 


presences 
cultures of mix 


mannito 


infec 
into 


employee of. th 


tramammary 


sampled, the 


dle test 
the 
tigation, were 
under rety 


rhe 


Then a ooptu 


on of 


equence ot 


of mammary 


the 


udders 


pre ure and per 


wis 


ived with a ele 


itt ¢ 


p.p.m 
ind 


tant 


d after h strip 
chlorine solution 
ir bacteriologic: 
in the 


im hypo 
able chil 


trong 

orine 
two 

rubber 


the 


sing one or 


rritution by 


yore 
milk sample 
k for baeteri 
k was 


drawn 


nto 
mil, of a 
Composite 
inl cows 


outinel but individual 


rom fresh cows within 


‘drving-off’’ cows, and 
ition of infection 


When 


Wits 


wis 
therapy 
bromeresol purple 


rhe samples were in 


it the dairy 


tr tnsported 


Inborator 


ich was con 


wteriological studies 
drawn at the 
geration 

Hotis test re 


the 


tions 
the 


mixed 


sumples at 
thorough! 
the surface of 
After 


the plates 


mw growth of 
the he 


M i 
no change 


rococeus colonic 


the agar 
zone oft 


the 


i narro 


min bevonad 


edge 
ofa pha beta toxins: 


were established on 


ontaining per 


bd . 
Before the 
Sout at of 
purple ‘ ti 
! 
| — 
of 
on } f of 
hour 
on made 
than 
ate 
of ete Med Unive 
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DISTRIBUTION OF 


Ability to coagulate rabbit plasma’ was 
thes 


cent salt 


determined with young subeultures from 


original slants. The code letters M and um’ assigned 
to a culture on the basis of the original growth 


on the surface of the cow blood agar plate wer 


modified for coagulase-positive strains by addition 
of a sign desig 
nated as M+, M+, B, or AB regarded as 


plus Microcoecus cultures 


were 
Vicrococcus 


pathogenic micrococei and were called 


pyogenes. The mM and Mm’ cultures were coagulase 


negative and considered to be nonpathogenic 
microcoeel 
other were estab 


ished in serum broth for use in pure culture 


Cultures of microorganisms 
stuclies 
desired for Coliform 
differentiated by the 


their ability to 


when specifie identification 


bacteria were **IMVIK 


method and ferment lactose 


sucrose, and glycerol, Pseudomonas acruginosa was 


identified by colony characteristics, typical odor 


ind production of the chloroform-soluble pigment 


pyocyanin Streptococci, Proteus, ind Coryne 


f 


hacteriun pyogenes were identified on the basis o 


characteristic growth patterns on the surface of 


cow blood agar, and by action on litmus milk and 


on selected carbohydrates when deemed essential! 


Udder diphtheroids and soil organisms wer 


grouped as ‘other bacteria’’ and identified b 


colony morphology 

conducted on a 
milk and 1 
The reactions were 
purpo 
greater 


The Whiteside test was glass 


plate using 5 drops of cold drop of 


cent sodium hydroxide 


through 4+, but for the 


per 
scored 


of this 


negative 
paper all 1 reactions or 
grouped as Whiteside- positive milk sample 


RESULTS 
Composite and individual quarter milk 
17,927, 


for bacteriological culture from this single 


samples, totaling were obtained 
dairy herd in the two-year period covered 
by this report. The data relative to number 
of cows and distribution of the samples by 
table 1 Since 


a COW could Com 


lactation age are shown 
in a single calendar 


plete one lactation and begin the next, lace 


tation pairs were used ; 7.¢., 1-2, 2-3, 3-4, 4-5 


and 5 and over cow, moving from 


TABLE 1—Distribution of Cows and Milk Sample 
Among the Five Lactation Pairs 


Micrococe: in Mink SAMPLES 


779 


one lactation pair to the next during the 
two-year period, was treated as two sepa 
rate animals. There was a gradual increase 
in the average number of samples collected 
per cow with advancing lactation age. This 
resulted from the practice of drawing indi 
vidual quarter samples from cows prev! 
ously demonstrated to be shedding bacteria 
that were potentially pathogenic, as well as 
from the increased frequency of sampling 
such cows. The average number of samples 
increased from 21 per cow in the first lacta 
tion pair, to 47 per cow in the fifth lacta 
fon pair 

A total of 12,784 bacterial cultures ap 
peared on the blood agar streaked with tl 
17,927 milk samples. The 
and their distribution among the lactation 
table 2 The dis 


tribution of the various microorganisms on 


bacterial types 


age groups are shown 


a percentage basis varied only slightly be 
tween the lactation age The mean 
distribution for all 
70.8% ), coliform 
streptococe! (RDU Proteus 
Ps. aeruginosa (O0T&, € 

enes (0.2% ), and all other bacteria 


Within 


age significantly affected the ratio of path 


groups 


lactation pairs was 


micrococe) 
pyog 
the genus Micrococcus, lactation 
ogenie to nonpathogenic types among the 
bacteria isolated. In general, the coagulase 
strains increased as lactation age 
table 3 and graph 1 The m+ 
type constituted 6.0 per cent of the miero 


positive 

advanced 
isolates from the first lactation 
then fell, but 
fifth 
type constituted 9.6 per cent in 


eoccic 
The 
13.0 per 
The m’ 
the first lactation pair and increased gradu 
ally to 16.0 per cent 
duced beta or 


pail 
incidence increased to 


cent in the lactation pai 


Micrococei which pro 
alpha-beta toxins increased 
per cent from the first lactation 
pair to 29.6 per cent in the fourth 
followed by a drop to 17.9 per cent in the 
fifth pair 
agulase-positive micrococc: were combined 
1); te, M+, M’+, B 


from 9.7 
pat 


All morphological ty pes of ¢o 
and Als 


graph 


Pathogenic micrococei were represented 


among the micrococci isolated from each of 
the five lactation 
25.4 per cent, 27.1 per 
16.3 per cent, and 46.5 per cent 

Whiteside test results are compared with 
bacterial flora (table 4 Infrequently, a 
milk sample supported growth of two dis 


pairs, respectively, e.g 


cent per cent 


tinct types of bacteria. In such instances 


the organisms were listed separately and 


correlated with the Whiteside reaction of 


8 
q 
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AND 
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TABLE 2—The Number and Percentage Distribution of Major Groups of 
Among the Five Lactation Pairs 


Lactation pairs 


Types of 


icroorganiom 


Paeudomonas 


aeruginosa 


Corynebacterium 


which thei was de 


Among 2,616 samples of milk con 


the milk in 
tected 
taining no significant bacteria, 14.5 per cent 
Included 
in this group are samples from udders that 
had with 
sequent disappearance of the infective 
agent but with persistence of a high leuko 
in the milk. Whiteside-positive 
reactions equal to between 19.5 per cent 
and 23.0 per occurred among milk 
samples containing the coagulase-negative 


pr sence 


fave positive Whiteside reactions 


been treated for infections sub 


eyte count 
cent 


micrococe: and nonagalactiae streptococe) 
When coliform organisms 
such milk samples exhibited a 41 per cent 
level of Whiteside-positive reactions. Milk 
samples containing the pathogens M. pyog 
and Str. agalactiae were positive to 
the Whiteside test at the 50 per cent level 


were isolated, 


DISCUSSION 


The distribution of the 
groups of microorganisms common to this 
herd was relatively uniform the 5 
lactation pairs established on the basis of 


Various major 


among 
advancing lactation age. Micrococeci 
the most prevalent (70.8% 

Ward,** in 1900, cultured 19 apparently 
normal udders of cows slaughtered as reae 
tors to the tuberculin test. He found bae 
teria, nearly all of which were microcoeci, 
throughout the Hard 
1,230 


were 


lactiferous ducts 


ing and Wilson,’ in 1913, examined 


stripping samples taken from 78 cows in 


bacteria were practically all 


which the 
(sram-positive these 


15.000 
found 77 


and 7o per cent of 

Murphy® cultured 
milk samples from 195 cows and 
bucteria to be 
fluctuating within the narrow 


were merococe! 


per cent of all microcoeel, 


range of 72 
to 83 per cent when separated into five 
lactation groups 

Kvans,® in 1916, published a 
the pathogenic nature of micrococe: found 
in 192 milk samples coming from 
regarded as from five dairy 
Streptococe: were found in 15 per 
cent of the samples and micrococe: in 59 
per cent She concluded that about 50 per 
cent of Micrococcus cultures derived from 
the so-called ‘‘normal’’ milk, showed char 


acteristics of the pathogenic type 


report on 


udders 
normal and 


herds 


The genus Micrococcus consists of many 
separate species which fall into two groups 
with respect to ability to coagulate rabbit 
Cruickshank® called attention to 
the production of coagulase by pathogenic 


plasma 
micrococei. This enzyme is produeed by 
all pathogenic¢ strains, irrespective of toxin 
cultures 
Klek and Levy® 


positive micrococc!: may 


characteristics, and is absent in 
of saprophytic micrococe! 
state that coagulase 
produce one or more of three distinet hemo 
toxins), t.¢., alpha, beta, and delta 
other 


hegative micrococe! do not 


lysins 
coagulase 


true 


hemolysins. On the hand 
produce 
toxins, but many strains show 
hibited hemolysis 


may unin 


designated by the letter 
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(oliforn 
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The cow blood agar used in the current 
study demonstrates beta toxin as a dark 
ened zone of erythrocytes extending from 
4 to 10 mm. beyond the colony edge. The 
alpha toxin appears as a narrow zone of 
true hemolysis extending not more than 
1 to 2 mm. beyond the edge of the colony. 
When alpha toxin is present without ae- 
companying beta toxin, it is impossible to 
distinguish it by direct inspection of the 
agar plate from the type of hemolysis desig 
nated as & by Elek and Levy. Delta toxin 
can not be observed directly on cow blood 
agar. 

Early in the program of control of the 
toxigenic micrococeci in the herd under con 
sideration, an analysis was made of colony 
characteristics of coagulase-positive strains 
regularly isolated from the milk samples," 
It was shown that 90 per cent of coagulase 
positive produced beta or alpha 
heta toxins. In the eleventh twelfth 
vears after control of Str. agalactiae infee 
was achieved, than half (47% 
of the coagulase positive rococcle eul 


and 


tion less 
tures could be detected by clirect Inspection 
of the blood agar plate for presence of the 
toxin Slanetz and Bartley,*! 
as well as Schalm and Woods,'® have indi 
cated that, for routine purposes, the sheep 
or cow blood agar plate may be used for 
direct selection of pathogenic micrococei on 
the basis of toxin manifestation. The for 
mer authors reported that cultures which 
produced hemolytic than 
1 mm. were nearly 100 per cent coagulase 
and that all of 232 
nonhemolytic microcoeci were coagulase 
negative. Early studies in this herd re 
vealed that, of 170 nonhemolytic micro 
cocaie cultures, only 4 per cent coagulated 
rabbit plasma, but now, 18 per cent of the 
2,763 nonhemolytice cultures must be re 


beta zone 


zones of less 


negative, strains of 


garded as pathogenic on the basis of posi 

Thus it 

that as spread of the toxigenic micrococei 

was curtailed, the nonhemolytice coagulase 

positive micrococe) increased, and the Cow 


tive coagulase reaction appears 


blood agar plate became less reliable as a 
direct means for detection of the patho 
genic micrococe) in this herd 
Although microcoeci as a group (about 
70% of all did not vary 
nificantly with lactation age, the percentage 


organisms sig 
of pathogenic strains, on the basis of coagu 
reaction, increased as the cows ad 
vanced in lactation age. While about 46 
per cent of the micrococei isolated from the 


lase 


DisTRIBUTION OF Micrococe: IN SAMPLES 


751 


older must be considered as patho 
genic, this was considerably lower than 
would be encountered in herds in which 
control measures directed against the toxi 
genic micrococei were not employed,'’® Thus, 
despite many years of intensive effort, the 
best that could be accomplished was a meas 
urable reduction in the occurrence of such 


COWS 


microorganisms 

The coliform showed a 
form distribution (10 te 12% ) among the 
various lactation age pairs. Some of these, 
no doubt, were contaminants which entered 
the milk at the time of sampling. When 
coliform mastitis was at its peak in the herd, 


Organisins unl 


96 quarters among 270 cows were classified 
as infected," 

Streptococcus agalactiae was eradicated 
in 1945, and the herd remained free from 
this pathogen until November, 1954, when 
As the source of the reintro 
evi 


it reappeared 
duced St) 
dence pointed to a person who milked the 
hospitalized between the 
00 to 4:00 a.m. and who worked 
between 5:00 p.m 


agalactiae, circumstantial 


fresh and COWS 


hours of 1 


in a ¢reamery and mid 


Z 


Non- 
pathogenic 
micrococci 


Pathogenic 
mMicrococcs 


Lactation 
poir 
Graph 1—Ratio of nonpathogenic to pathogenic 
micrococci in udder flora as influenced by lacta 
tion age 


2-3 


746 129 66 | 53.7 53.2 
% % % % % 
| | 2544 3394 468 


night. Thus, within an hour after leaving 
the creamery, which milk from 
many different farms, he was manipulating 
the udders of cows in the hospital barn, He 
have brought Str. agalactiae to the 
The first 
was in one 


received 


may 
dairy on his hands or clothing 
occurrence of Str. agalactiae 
quarter of a lame cow that had been in the 
hospital barn for months. Later 
Str. agalactiae was found in 3 fresh cows 
that recently had been in the hospital barn 
Despite early detection, 29 cows became 
infected (total 36° cultures 
fore this pathogen was 
(table 4) 


In all, 1,088 cultures of streptococci were 


several 


isolated be 


avain eliminated 


Streptococcus dysgalactiae and 
were identified from 
in general, the Strepto 


observed 
Streplococeus uberis 
time to time; but 
cocceus cultures that were tested by carbo 
named 


fermentation could not be 


and, for the 


hycdrate 
specifically most part, were 
considered to be saprophytic in Character 
The remaining listed 
(table 3) did not occur with sufficient fre 
quency to merit discussion 

The Whiteside 
method for detection of milk samples hay 
ing above normal numbers of leukocytes 
In this herd, milk samples that were re 
garded as negative for significant bacteria 
showed a 14.5 per cent level of Whiteside 
Some 


which 


types of bacteria 


fest Is a presumptive 


positive reaction probably were 


from were 


hac 


quarters approaching 


drying off or which been recently 


TABLE 3—Distribution of the Various 
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LASMANIS 
Milk from 
positive 


treated for specific infections 
drying-off may 
Whiteside reaction due to 
content. Following udder infusions ad 
ministered to fully lactating udders, milk 
may remain positive to the Whiteside test 
for some time after disappearance of the 
infection. The level of 14.5 per cent White 
side positive may be taken as a 
which Whiteside reactions in milk contain 
ing significant bacteria may be compared. 
The Whiteside test showed the highest 
correlation of positive (50% 
with milk containing the coagulase-positive 
agalactiae, It is inter 


glands give a 


increased 


base to 


reactions 


micrococe: and Ntr 
esting that there was no significant differ 
ence in the percentage of Whiteside positive 
reactions between the different types of co 
agulase-positive micrococci. Thus, it would 
appear that the 
coagulase-positive microcoeci in the mam 


irritational qualities of 
mary gland are not entirely dependent on 
the presence of beta or alpha beta toxins 
As stated above, a third toxin (designated 
delta) Is 
The methods used in this study did not per 
mit the demonstration of delta toxin 

The 
associated with Whiteside positive 
of about 20 per cent. This 
above the base level of 14.5 per cent in milk 


produced by some micrococe) 


coagulase-negative micrococe: were 


reactions 


was » per cent 


samples not containing significant bacteria, 
that 
micrococe! have properties that could lead 


and may indicate coagulase-negative 


to tissue irritation. Deubler and Cole,* in 


Types of Coagulase-Positive and 


Coagulase-Negative Micrococci Among the Lactation Pai: 


Lactation pair 


Totals 2,372 1,440 


M Nonhemolyti 
gulase- positive; M weakly 


coagulase negative 


toxin only 


hemolyti 


positive AK/B = coa 


roagulase 


Morphologica 
types of t from a 
M roce i 1-2 i tat 
M 
1.2 
1.010 174 444 4] 
12.6%, 17 4 
14 i i 14 104 
‘ 
1.6 
M 
16.4 61 


DISTRIBUTION OF 


4—Correlation of Whiteside Test 


COWS 
the 


herd of 
made 


studying a over a 


single 
period of on observation 
that the majority of 
from clinical cases of 
neithe! hemoly SIS 


Vear, 
isolated 
herd 


coagulase 


mastitis mn that 
showed nor 
activity 

Milk samples céntaining the nonagalae 


tiae White 


side-positive reaction similar to those found 


streptococe! showed levels of 
in samples containing the saprophytic mi 
crococe!, While the samples containing St) 
agalactiae had much higher percentages of 
W hiteside-positive reaction 
Coliform bacteria, which in 
with serious acute mastitis 


the past had 
been associated 
in the herd, were intermediate between the 
saprophytic and pathogenic micrococei in 
the level of Whiteside positive response of 
milk samples in which they were contained 
No doubt, some instances of occurrence of 
coliform bacteria in milk samples were the 
contamination at the time of 
sampling If it were possible to delete the 
contaminated samples from the data, the 
Whiteside-positive reactions of milks con 
taining coliform bacteria would exceed the 
table 4 


result of 


fH] per cent reported 


SUMMARY 


] In a agabactiac-free 
herd, the micrococeei comprised 70 per cent 
of the types of bacteria isolated from fore 
the lactation 


Ntre plococe Ws 


milk, regardless of ages of 
the cows 


2) The 


micrococe! showed an increase in occurrence 


coagulase-positive, pathogenic 


as lactation age advanced. This was accom 


panied by a decrease in the coagulase-nega 


tive, saprophytic microcoeci, so that the 
sum of these two groups of micrococei re 
mained the same 
3) Pathogenic that 
alpha heta or beta toxins can be detectec 
blood agar 


positive micrococel ex 


rococe) produce 


by growth COW 
Hloweve 
ist that produce no visible change in the 


patterns on 


coagulase 


\Micrococer In Mink Same 


Results with Bacterial Flora 


agar, or produce only a slight hemolysis 
Such strains of pathogente 
with 


from the coagulase-negative, 


not be distinguished, anv degree of 


aceuracy 
rophytic micrococe: by growth patterns on 
cow blood agar. For the coagu 
lase test must be applied to all strains of 
not beta toxin when 


the intent is to detect all pathogenic micro 


this reason 


rococe) exhibiting 


cocel present ina series of milk samples 


} Streptococcus agalactiae Was eradi 


within a two 


number 


cated with comparative 
On the other hand, the 


Vico OCOCCUS 


year period 
PYOGENES, while 


eliminated 


of toxigenic 


reduced, not completely 
even after 12 years of application of vigor 


directed 


ous control measures specifically 
against it 

9) Streptococcus agalactiae reappeared 
after ten years, and spread to more than 
10 per cent of the herd before being elimi 
nated Circumstantial evidence 
pointed to reimtroduction of the 
on the milker 
was permitted to hold a second job in a 


milk many dairy 


again 
pat hogen 


hands or clothing of a who 


creamery receiving from 
farms 

6) The percentages of positive Whiteside 
reactions in milk and the associated micro 
significant bacteria 


organisms were no 


coagulase - negative micrococe) 
xf replococes 


O%% Sf) 


nonagalactiae 

coliform organisms 

agulase positive 
agalactiae (935.0% 
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Direct Complement Fixation for Detection of 
Foot-and-Mouth Disease Antibody in Serums 
from Experimentally Infected Cattle 


AMERICO ALVIN MARUCCI, Sc.M., Sc.D. 


Greenport, Long Island, New York 


ALTHOUGH INDIRECT complement-fixation, cessury, however, since the antibody appears to 


16 are v stable under these conditions of storage for at 
i 


neutralization, and protection tests,” 
of least four months, the maximum period of storage 


reliable and useful for the detection 
foot-and-mouth disease virus (FMDV) anti 


on which resul ire available 

. The lowest dilution of cattle serum employed in 
bodies in the serums of convalescent or cine wen 
vaccinated cattle, attempts to employ the because lower dilutions sometimes gave strong 
direct complement-fixation test for this itination 

purpose have not met with similar sue itigens antigen types employed wer 
COSS 1, 16 The present report describe Ss a strain of O), ind A Virtime which wer 
method for direct complement (c’) fixation nd at the Lindholm Island Laboratory, These 
with serums from cattle which have been G through cattle for many year 
an employed for the 
experimentally infected with FMDy rhe 
appearance and disappearance of comple 
ment-fixing antibodies in individual ani 
nals have been studied, Complement-fixing 
antibodies have been detected in high titer 
in all the cattle infected with the three 
common types ol FMD\ A subseq nt re 
port will be concerned with the demonstra 
tion of direct c’ fixation with serums from 


vaccinated cattle 


fut Blood wa 
co for normal serum and the cows 
infected with PMDV by intradermolingual yer i intiger 
lation of approximatel 10’ bovine infeetive doses vu is 
The animals which were inoculated with type A i mortal 

type ©, viruses, had been imported into Den ules Phe re 
Sweden Danish cow ‘ used for 1000 x g fo milf hour, and 
the type O; experiment. The eattle were kept in supernatant fluid used as antigen 
isolation stalls for the entire experimental period For tissue-culture antigen, a 14-liter culture 
Blood samples were taken from the jugular vein prepared at Lindholm following the method of 
twice a week for the first month following infec Frenkel After ) hours, a portion which eon 
tion, and onee a week thereafter for inether tained both tongue material and fluid was removed 
month unless otherwise indicated The serums The tongue epithelium was ground in mortar 
were separated from the clotted blood, heated for with quartz granules, after which the mixture wa 
one half hour at 56C., and then stored at 40) ¢ centrifuged and filtered through a Seitz filter 
until used, They were usually assayed one to three The filtrate represented the undiluted tissue-cul 
days after collection Immediate is not ture virus antigen Its id in unwenanes 
was between 10° and 10 
ndholm Island, Denmar ‘ ithor's used i diluent Since the components 


State Un complement-fixation test were used as dilute 
tions, 0.1 per cent gelatin was incorporated in 


minimize loss of proteins or virus 
Sheep blood, drawn aseptic 
volume of sterile, modified Alsey 
tored at o The cells 


permittes 0 tatnlize for uu dn before 


| the 

on fo Re on Foot-ar t I) to 
nto im eq ‘ 
essed K rnine-7 en for ner 

ant to Mr ndre t olution er 


Americo ALVID 


tion il techn 
1,000 minute 
ith olume of isotoni 
» per nf Ispension 
I ml. of the eked 
mal buffer 
then lysed in l 


The optieal densit 


per cel 
resulting ‘ 
Beckmat 


olution ix determined 


pectrophotometer length of 541 in 
mm, cuvettes, per cent as refer 
of 0.68 under these 
sponds to TO” cells per milliliter 
When the 


il densit adin obtained is too high, ver 


il buffer 3 


nee blank An optical densit 


onditions corre 
the original © per cent uspension 
iided to the preliminar » per cent 
UsSpension To obtain a correet reading, ver 


buffer in ndded 


formula 


onal weording to the following 
Ob optical densit of preliminatr 
cell Us Pension \ volume of prelimit 


per cent cell suspension after removy 


ima \ final volume of adjusted eel 


Ob 


Po the 
per milliliter COD 


final cell Ispension containing If 


ix ndded in equal 


volume of the appropriate imboceptor lilution 


resulting in Ils per milliliter In the 
-fixation analyses, “A ells 
C10 cell is employed 


Complement ( Phirt healthy adult guinen 


pigs were exsanguinated by eardine puncture Phe 


rum was removed from the pooled, clotted blood, 


centrifuged in the cold (0 to 2 ¢ , und stored at 
in 2oml 
tube All theme 


one day, and the co was always 


theme 


rubber-stoppered test 
procedure were carried out in 
kept cold Under 
torage, the titer 
long 


deseribed 1 russ, ine 


conditions of complement 


isn constant over a period The c’ titer was 


determined as 
M iver 


imboce plor Rabbit antisheep erythrocyte an 


tibody was prepared by administering | intra 


venous inoculations, three per week, of thoroughly 


washed and boiled ‘min sheep cell stroma 


The inoculations were given in graded doses start 
ing with O.6 ml. and inereasing to 4.0 ml, Five 
ifter the last inoculation, the rabbi 

‘ imnguinated by eardine puncture, 
erums were heated for one half 


ind stored at until sed immuni 
troma 


intibod 


zation treatment, a total of 10.395 mg. of 


Optimal 


idministered imount of 


vis 


for sensitization of the erythrocyte suspension wa 
determined as deseribed by Osler ef al 
WVethod 


been deseribed in detail bey 


Osler ef al ind will 


The -tixation employed ha 


be given only briefly here in order to point out 


the slight modifications introduced 


To varying dilutions of test intibods 


is ndded the 


ippropriate constant ¢ 


lowed by a constant intigen 


Marucect 


Arithmetieall pre 
in O.4-ml 


bby LOO mm hi ire ice bath This 


amounts ‘ dele the test tubs 
ix followed b ( I if e-cold ¢ dilution 


calculated to cont cent hemolytic 
imount then adds to ‘ pro t tubes 
A sufficient quant ‘ r i to 


the total volume to 


bring 
lded to the eontrol 
plus 
After thorous imking, the tubes are 


tubes, which contain o lu tigen or ¢ 
intibodys 
put in the refrigerato 0 for overnight 
storage. The isitized cell suspension containing 
1” optimally sensi ed ¢ j i volume of 4 
ml., is then added to ‘ ‘ ”) mixtures im 
mediately after the i ‘ from the 
efrigerato The re lting ires e ineubated 
it 37 for 60 min hich time the 
tubes are thoroughl 
prey t settling of ft 

not showing omp ire centri 
d, and the degres timated 


reeorded us 0. equivalent to 


41s “0, ine o lysis, respec 


dilution of 


The end point 


intiserum in whieh the recorded 

When 
degre of lysis, the 
tuken as the end 


Ac titration cont t, and o units 


several show this 
dilutions is 
pot 

of ¢ set up with ene experi in order to 
control the ¢ ernight 
iscep 
the itize ‘ ‘ s to 


forage f the 


lmmune Lysis 


Dilution 
concentration of 


Determination of 


To determine the antigen 
to be employed in these tests, block titra 
which 

vith 


pre series 


tions were set up in dilutions of 
various dilu 
of a 
The protocol 
table 


dilutions 


antibody were combined 


tions of antigen in the con 


stant dose of (7.¢6., 5.0" Hey 
and results of a typical experiment 
l show that, with the 
tested, there was no indication of a region 
Kurther, there 
sharp lower limit of antigen concentration 
after 

strable 


antigen 


of antigen excess Was no 


which c’ fixation was not demon 


Che 


reaction was dependent on thi 


magnitude of the fixation 
amount of 
antigen employed as well as the antibody 
concentration 

Wallace, Osler, and Mayer “" hay e 
that, for a 


optimal 


shown 
single immune system, the 
with 
serums from different animals or even with 
from the animal 
after different 

In the 


possible 


antigen dilution may vary 


SeCTUTIS Sain when they 


are taken courses of im 


munization present work, it has not 


been determine the optimal 


antigen dilution beca ticomple 
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DerecTiON OF Foot 


For 
work, 


mentary activity of the vesicular fluid 
the tests to be deseribed in this 

therefore, the antigen has been used at the 
lowest dilution compatible with avoiding 
anticomplementary complications. Al 
though the control tube 
1:40 dilutions of antigen showed complete 
lysis, the speed of lysis obtained with this 


containing the 


antigen concentration 
tarded 


vesicular fluid was used 


was greatly re 
For this reason, a 1:60 dilution of 
Time and Tempe rature 

Throughout this work, the fixation period 
been for 18 to 2O 2 to Df 


Preliminary tests had shown that a fixa 


Fixation 


has hours at 


tion period of one hour at 37 C. was not 
fixation 
titration 


Typical 
of the 
same serum sample with these two fixation 
periods are shown (table 2 

The titer of this antiserum when assayed 
overnight fixation at 2 to 5C€C 
For the shortened fixation period, 
This varia 


sufficient for maximal 


results of a comparative 


with was 
1 :1,340 
the titer was found to be 1:70 
tion in titer appears to be due only to the 
difference in incubation periods, since all 
the reagents both 
With serums of lower titer, there was no 
apparent fixation at 37 C. for one hour 
Differences in Apparent Antibody Tite 
with Antigens from Different 
Since the virus antigens in general use in 


were the same in tests 


Sources 


most diagnostic laboratories are prepared 
from infected tongue material, it 
portant to determine the comparative valu 
of such antigens from this 
those prepared from infected 
fluids. The activity of virus from 
culture was also assayed (table 3 
block c’-fixing titrations were set 
dilutions of (a) in 


Was Itt 
source with 
vesicular 
Tisstie 
Three 
up con 
taining, as 
fected 


ture virus, 


antigen, 
tongue epithelium, (4) tissue-cul 
and (¢c) vesicular fluid 
Greater fixation was obtained with vesic 
ular fluid than with either of the other two 
antigens, emphasizing the 
the 


reactions 


Importance ol 


source of antigen for maximal 


Although complement-fixing 


antibodies were demonstrable with tongue 


epithelium and tissue-culture antigens, the 
maximum antibody titers obtained with 
these antigens were only a fraction of the 
titer with the fluid as 


antigen 


found vesiculat 


The reason for this great difference when 
employing these different 
Although all three of these 


gens have approximately the same infective 


antivens | not 


known anti 


AND-MoutTH 


Disease ANTIBODY 


TABLE 1—Block Complement-Fixation Titration 
with Varying Dilutions of Bovine Serum 13-2 vs 
Varying Dilutions of Type C, Foot-and-Mouth 
Disease Vesicle Fluid 


Antigen dilution 


The react 


of the designates 


md 0.4 


titer,” it 
tongue-epithelium 


appears as if the 20 per cent 


and undiluted tissue 
culture antigens contain less antigen active 
fixation than does the 1 per 
fluid. Therefore, the 


fluid may have a greater concentration of 


cent 


vesicular vesicular 
the noninfectious particles which, in addi 
virus, are 
This point, however, will have to be proved 


tion to active in ©” fixation.’ 


by further quantitative studies 
Appearance and Disappearance of Anti 
hody in Infected Cows cattle 


Kour were 


TABLE 2—Comparison of Antibody Titers Ob 

tained with Bovine Antiserum 31-5 vs. Type C 

Foot-and-Mouth Disease Virus when Using Fixation 

Periods of (A) One Hour at 37C. and (B) 
Overnight at 2 to 5C 
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TABLE 3—Block C’ Fixation Titrations with Type 

A-5 Antiserum 10-5 vs. Type A-5 Virus from (a) 

Infected Tongue Epithelium, (b) Tissue Culture, 
and (c) Vesicle Lymph 


Veronal buffer 
ontained 0.4 ml. o dew nated antiserum di 
in mi. ¢ ml. of the designats 
ernight at 2 to 5 ¢ 


eactions, set up in 
dilution 


used for each of the virus types, O,, As, 


Cows 1 and 2 were infected with 
type tissue-culture 
and 4 received type Oy, 
tongue epithelium virus. Cows 9 to 12 and 
13 to 16 were infected with bovine tongue 
epithelium virus types A, and Cy, 
tively 

With the exception of cow 1, 
veloped 


and ©, 
virus, while cows 3 


infective bovine 


respec 


which de 
tongue lesions only, all animals 
showed generalization in all four feet. The 
results of the c’-fixation analyses with the 
from these animals shown 
(graphs 1-3 

In the 
was possible to follow the 


SCTUTIS are 


tested, if 
course of the 


serums of the animals 
disappearance of anti 
fixation. The curve re 
titer with 
time was qualitatively the same in each of 


development and 
body by direct 
lating antibody postinfection 
the cattle, irrespective of the type of virus 
employed. There is an initial period of 
approximately four days during which no 
Antibody first 


antibody is demonstrable 


Marucer 


becomes detectable on the seventh day after 
No tests were taken on the fifth 
and sixth days 


infection 
The titer increases rapidly 
on subsequent days, until a maximum is at 
tained at two or three weeks postinfection 
After the peak is reached first 
an immediate decrease in the 


there 1s at 
and rapid 
antibody titer for about one week, followed 
by a gradually slower rate of disappear 
ance for the next 

The 


ogous types of antigens 


obtained 


five weeks 
curves heterol 


with the 

graphs 1-3), in 
addition to showing the magnitude 
reactivity 
lish the 
Since all three antigens represent vesicular 
fluid pools from 20 to 30 animals, the only 
difference in their 
Virus-type partiel 


of CTOSS 
of these serums, serve to estab 


virus specificity of the reaction 


is in the 
and possibly in 


Composition 
secon 
dary antigens. In all assays, the virus had 
If the ec’ 
antigenic 
fluid 


virus and specific secondary anti 


been used at the same dilution 


fixation reactions were due to 


constituents of the vesicular other 
than the 
gens, identical quantitative reactions would 
have been anticipated with all the antigens 
The 


confirm the 


employed fact that this did not occur 


appears to specificity of the 
reaction 


AND SUMMARY 


In the diagnosis of foot-and-mouth dis 
FMD) 
the direct complement 


an important tool 


ease and typing of the viruses, 


fixation test Is 


The two techniques most commonly used 
Traub and Mohl 
Both of these 
methods employ hyperimmune guinea pig 


are those described by 
mann '* and by Brooksby 
serum as the antibody. These tests, there 
fore, necessitate tissue from the suspected 
animal that is either 
antigen in the c’-fixation test, or is infective 


suitable for use as 


When inoculated into a susceptible animal 
Since suitable virus material exists for only 
a few days following infection, it can not 
There 

which 
immune 


always be obtained from field cases 
test 
convalescent or 


fore, a 
utilizes 


complement-fixation 

bovine 

serum has much practical significance 
The first practical solution of this prob 


lem was reported by Rice and Brooksby 16 


and by Riee and Boulanger They de 
veloped an indirect c’-fixation method for 
detection of antibody in serums from cows 
infected with FMD Antibody was detected 
in 30 of 34 cattle suspected of having had 


FMD. Two of 4 calves experimentally in 


(. J. Ver. Res 
19 
Vercenta f te j 
nt rue 
filut 
i i i i 
nta oft tur fl 
6 J VB 
tu 
i 
i 
! 
11,60 i ‘ i 
tior 
1 


DerecTiION OF 


COW nol 


wTH Disease ANTIBODY 


COW no 4 


RECIPROCAL of ANTIBODY TITER 


24°32'40 64 
DAYS AFTER 


t t 
( it 
Titer of complement-fixing antibody in 


with type O 


Graph 1 


foot-and-mouth disea virus 


inhibitory 


with 
show ed 


fected 
FMDV 
tivity by the 
but only | 
direct method. These 
epithelium and infected guinea pig plantar 


increased ac 
fixation technique, 
weak fixation the 


authors used tongue 


indirect 


showed by 
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INFECTION 


cattle serum following experimental inf ct 


FMDV 


antige! vith a fixation period of 


at 


pads HS j 


et method employed in this re 


one hour 

The 
port was developed from the fundamental 
studies of Heidelberger, Mayer, Oslet 
their co-workers,'’ '* and incorporates the 
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pe 0 


with type C FMDV 


following procedures for increased sensi 


The 


maintained 


tivity and reproducibility: (1 reac 
mixtures have 
7.4 with veronal buffer to provide a 


funetion 2) 


tion been at 
pil 
medium 

Caleium 

0.0005 M 
buffer since these ions have been shown to 
be Hecessary 

lysis 3) 
carefully 

cally. (4) 


for optimal oe’ 
(0.00015 M 
have been incorporated in the 


and magnesium 


for optimal oc’ fixation and 
Amboceptor and 


spectrophotomet rl 


have been 
standardized 
The number of sheep erythro 
s employed has been kept at a constant 
(10% and state of 
susceptibility to immune Gelatin 
0.5%) has been added to the buffer to re 
duce nonspecific loss of antigen antibody, 
’ 6) The 


upon the cold 7 


value in a uniform 


lysis ) 


reaction mixtures have been 
Antibody dilutions 
been made in parallel with close dilu 
tion intervals in order to accurately define 
the end points. (8) The fixation period has 
18 to 20 hours at 2 to 5C. (9) Fluid 


PMD tongue has used 


or ¢ 
sf 


have 


bee 


from lesions been as 
antigen 
The 
and disappearances 
of cattle 


similar 


the 
ol antibody 
FMD 
deseribed 
other 


curves dese ribing appearance 


in serums 
Infection 


other 


convalescent from 
to 


Species 


are those for 


animal with antigens.‘ 


There initial induction period of 


approximately seven days after infection 
during which time no antibody 


IS 
is detect 
able. This is followed by a rapid rise in 
antibody to a peak in about two to three 
Thereafter, the antibody titer de 
creases, first rapidly, then more slowly over 


weeks 


a protracted period 
The of the 

with from cow 2 
(graph 1 The 
after the seventh 
which time ther 
antibody titer to almost 50 per cent of its 
level 


a renewed and 


analyses 
atypical 
until 


results c’-fixation 


SeCTuInS were 


COULrSE normal 


Was 


day postinfection, at 


Was a rapid drop in the 
former This drop was followed by 
Increased antibody produce 
a titer approximately twice 
of the other 
possible explanation for 
that, after 
have devel 
then, 
titer 


antigenic 


reaching 
that 
of 
this atypical reaction might be 
this 
oped a severe viremia 
the 
would 


observed in any animals 


this 


yroup A 


animal may 
This 


antibody 


seven days, 
ould 
and 


reduce apparent 


also act as a secondary 


stimulus, resulting in the observed increase 
antibody production 
It be what 


if any, relationship exists between the anti 


will Important to determine 


body titer determined by this method and 
the state of f the The 
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peak of antibody titer, as measured in these 
tests, corresponds well with that of protect 
ing antibody.’ However, it has been found 
with other virus antigens that the serums 
from convalescent animals retain thei 
neutralizing activity long after their ability 
to fix c’ has disappeared 

The technique has been used to follow 
the course of antibody appearance and 
disappearance in cattle experimentally 
fected with types A;, and © 

Studies on the demonstration of antibody 
in vaccinated cattle by direct c’-fixation are 
now in progress. The results will be given 


in a subsequent publication 


References 


n Complen 
1945 
The 


Walla 


Quantitati 


DISEAS! 


ANTIBODY 


OcTORES 
} der j tat Vet na titut t 
ia HW and Persona mt t 
t nh H. & I tand M t 
ft \ » sntat 
19 
I lon, 1949 
M r, M. M nd il 
t t tar ' ‘ nt 
t at Test ts 
M Activat fort of Mags 
Other Cat t He t tier 
Met ne 4 19 
Diag nt | ation \ Tet 
( & \ ‘ 1” i 
Bachract Optimum Condit t nad t t Ma ot 
tial Fractionation } ntrif ation 
Dine ed Foot M t Vie t ( fb 
M and ‘ 4 ’ tratior t \ n Catt 
imbuena itracentr Studte rt nt ‘ } t ft 
t ind ¢ plement-Fixit nponent n t \ nt st action \ \ 
te of Foot-and-M t Pro t-.and-Mout ane t nd ts t Met 
40 10 107-127 10 
roc B The \ odie n Foot-and M ‘ on Iris 
) Avr tura Re ‘ n Ke rt Serve acter j \ 
Station or London, 1949 ‘ na Ia Mad 
tior n Foot-and-Mouth D aret Agr tura nd-K j kK nt-His 
( Report Ser Ma jest lungsprobe, | Zent t. 1, Or 
tior 0 Londor 104 
Bukant Rein, ©. ind Kent, J. I Stud \ i tat i} Des ark 
n Complement Fixatior rvation of Shee; hed data 
Hlood Citrate Dextrose Mixt Modified \ ‘ 4 G und Ma M Ml 
Solution) f nt Fixation Lab. an tudies of Complement Fixation V. Kat 
( n Med sation of Comt nt Poten of 1 
Kdsa ‘ | Significance of t Ant und Its Relation t ntibody Nitrogen ¢ tent J 
rd K por Columbia Pres 6 6601-4 


Critical Tests with Piperazine-Carbon Disulfide Complex 
(Parvex) Against Parasites of the Horse 


J. H. DRUDGE, D.V.M., Sc.D.; S. E. LELAND, Jr., Ph.D.; Z. N. WYANT, A.M.; 
G. W. ELAM; CHARLES E. SMITH, Jr., M.S.; EDWIN DALE, Jr., M.S. 


Le rington, 


Nt MEROUS Investigations in recent years 
indicate the efficacy and safety of the pl 
perazine compounds as anthelmintic agents 
the 


eon 


domestic animals In 
the 


cerned with the use of piperazine adipate, 


in man and 


horse, most of studies have been 


and there is agreement on the high degree 
of efficiency Parascaris 
the 
there 
on the 
the «; 


equorum 


In addi 


activity 


and small strongyles 


is evidence of removal 


tion 


order of oO to per cent against 


iusative agent of verminous aneu 


pe! 
Oryur 


NStrongylus vulgaris and 


nt agamst adult) pimworm 


trate 


the 


acid 


the effectiven ol 


ana 


recently 
carbodithion 


phosphate 


carbon-disulfiads derivative 


ported orably 


indicated that a 


COM par 


adipate al eve counts following treat 


carid had by ell 
eliminated and 
dhuced In 


compound 


markedly re 
disulfide 
this ar 


strongyles 
the 
was found to produce 
the 


removal 


addition carbon 


dose ley 


than 


tion at a lowe piperazine 


equivalent other eom 


there 


ba 
and 
avainst bots 

At the 


ulfide compound 


pounds Was 
carbon di 
to offer 
the ae 


COTM 


the 
would 
the 


cui bon 


outset piperazine 
appear 

horse where 
clisulfict 
would be 
the 


strongyles, and pin 


value in 
the 
bots 


special 
tivity ot 
ascarids Con 


against ana 


bined with the activity of piperazine 
base against ascarids 
Thus, this 
polyvalent action against the common par 
hitherto 


agent might have a 


asites of horses unavailable in a 
single compound 


The 


tuken 


investigation under 


the 


present Wis 


to evaluate by critical testing 


the Department 


ricultural Exper 


Kentucky 


method the removal activity of the pipera 
zine-carbon disulfide compound against the 
common to 


several types of 


this 


parasites 


horses in region 


earefully pieked 


ishing 
iscarids, 


large 
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rbon disultic 
table 1 
bots We 
Removal agailist Grastrophili j 
origin festinalis was variable and ranged from 14 


number to 100 per cent, including 2 animals which 


worm relimin had heavy infections. Although infections 


stoma fi gastri ot Gastrophilus nasalis were hohter nore 
search for Tri i was found at after doses of bot 


Habronema muscac, which wer mig ke. and above Passau of bots in the 


counts OD samples constitut: feces started during the 24- to 48-hour 


diges id contents 
il digest and ! post-treatment interval. continued for the 
the anterior portion o 


de in Y62 


six-day period, and some were recovered 
at necropsy from the contents of the cecum 
and colons of all but 2 animal The bot 
recorded table | as recovered at nee 


ropsy include only those found alive and 
attached im normal location 
thie stomach nlestinali ana 
pylorus (G. nasalt 
Complete removal activity observed 
avainst ascarids in these trial 
) 


\\ neountered in nial 


mature as wis were harbores 


bull i 


The critical test data on the nn triais 


TABLE 1—Critical Test Data on the Efficacy of Piperazine-Carbon Disulfide Compound 
Against Parasites of the Horse 
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TABLE 2—Egg and Larval Count Data on the Efficacy of Piperazine-Carbon Disulfide Complex 
Against Parasites of the Horse 


by a partial to complete brownish discolor the 24- to 48-hour interval after treatment, 
ation and extensive fragmentation. These although some were found as late as the 
changes made an accurate count and the fourth day in 3 animals 

tage of maturity difficult to determine; All strongyles, other than the three 
however, the numbers given are regarded = Strongylus species, are recorded as small 
as conservative estimates strongyles (table 1] A consistently high 

Two animals were harboring adult O level of activity against these forms was 
equi and the observations credit the drug observed, ranging trom 89 to 0S per cent 
with removing 64 and 75 per cent, respec The size of the infections varied from light 
tively. Adult pinworms were present in 8.270) to heavy (100,220), and the great 
the feces during the first 12 hours after est numbers were removed 24 to 48 hours 
dosing and they continued to be passed after treatment Some small strongyles 
for four and seven days, respectively appeared in the feces during the first 24 
IHleavy infections of immature pinworms hours after dosing, and elimination con 
were present in all but 1 yearling, but re tinued for varying periods up to the sixth 
moval activity was variable and of a rela day in 1 yearling 
tively low order. Elimination of these Infections of 7. aret were found in all 
forms was recorded throughout the post but 1 animal at necropsy and were char 
treatment observation period in Y621 and — acteristically light in the yearlings and 
Y623 A definite peak elimination period moderately heavy in the mare Small 
during the 24- to 48-hour interval was numbers of H. muscae were present in the 
noted in 3 (Y622, Y623, and Y624) at the — stomachs of 4 animals. A few S. westeri 
higher dose levels were recovered from the small intestine 

Of the three species of large strongyles, of 1 of the 2 yearlings examined at nec 
NS. vulgaris was predominant and Was popsy. One A ‘magna was recovered from 
most effectively removed The level of ae | vearling 
tivity varied from 34 to 65 per cent In Worm egg and larval counts were made 
creasing the dose did not enhance the ae 

in conjunction with these critical tests 

table 2 


After treatment, the weanling and all 


tivity against this species. Only limited 
activity against SN. edentatus was observed 
and this came at the highest dose level, 
200 A light infeetion of Stron 
gulus equinus was encountered in 1 animal 


3 vearlings showing asearid eggs became 
negative and striking reductions in stron 


and no drug activity was found. Charae gvle e.p.g. occurred in the other animals 


teristically, the bulk of the large stron The 7. arer e.p.g. in the yearlings were of 


vvles was recovered in the feces during a low order and variable, irrespective of 
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treatment, and the higher count observed 
in the mare was not changed 

The numbers of strongyle larvae were 
markedly reduced after 
table 2 Reductions (64 to 98% were 
consistently more marked in the ‘‘other 
strongyle’’ group, which included all spe 
cles except NS The number of S 
vulgaris larvae Was reduced to a lesser ex 
tent (33 to 90% Although the absolute 
number of NS. vulgaris larvae was reduced 
by treatment, there 


also treatment 


vulgaris 


Was a proportionate 


except in 2 


increase in this species, 
animals 
Larvae of SN. edentatus, included in the 
table 2 were dif 
after treatment of 
They showed a decline from an 
of to 52 $1; per culture 
The average make-up of the 
cultures on this mare consisted of 9 


other strongyle group 
ferentiated before and 
the mare 
average 
post-treat 
ment 
NS. vulgaris and 52 8S. edentatus larvae out 
of the total of 73 strongyle Lp.g 

Only 2 
number of 7 


animals showed an appreciable 
the 
Was 


are. larvae in cultures 


and no essential change associated 
with treatment 

No untoward effects, ascribable to a 
toxic the drug, 
served other than a transitory period dur 
the first 43 which the 


softened in receiving 


manifestation of were ob 


hours in feces 
the v 
the highest dose level 


ing 


Was animals 


DISCUSSION 


Although = the 

disulfide 

the 
high 


activity of piperazine 


against bots 
activits 
previously re 
disul fic The 
may be 
the ps 


carbon compound 
definite, 
well the 


ported for 


was removal 


below level 
carbon 
nasalis 


greater activity against @ 


accounted for by its location at 
lorus which favored contact with the drug 
The less effective 


nalis could be due to an iIncompl te disso 


action against G. wnlesti 


ciation of the compound or the failure of 
the liberated earbon disulfide to reach the 


as 

100 my. kg 
1000 Ib. of 
body weight of carbon disulfide ordinarily 
The lack of actis itv at the 200 
suggests that the 


determined 


sufficient sug 
The 


the 6 dr per 


bots in 
vested earlier dose Was 


equivalent to 


employed 
me./ky. level limiting 
factor, vet to be Is Operating 
However, 100 
the relatively 
intestinalis in both 


preparation of the 


at a surprisingly high level 
per against 


light 
trials 


eent activity 
infections 
vith the wel! 


AGAINS1 


PARASITES OF THE Horst 


suspension was favorable and in a 


the 


more 


cord with unpublished findings of 
others 

Elimination of the bots was prolonged 
the 
great bulk of which were eliminated in 72 
hours llowever, the 


numbers of bots in the feces over 


more than the discharge of the worms 
recovery ol larg 
the six 
day post-treatment period and in the cecal 
and colon contents at necropsy os not at 


passed 


variance with previous observers 
et al.” indicated that bots 
for ten davs and others still 


may be 
may be pres 
While 


this slow elimination is difficult to explain 


large intestine 17 days 


with 


ent in the 
treatment’ carbon disulfide 
in terms of a prolonged action of the drug 
tract it 
could indicate the immediate removal from 
the 


less 


or stasis in the gastromtestinal 


normal location (1.¢., stomach) to a 


favorable environment the large 


intestine to which the bots are unable to 
adapt themselves and are gradually elimi 
nated 

The complete elimination of asearid: in 
with the the 75 
rate, which is below the previously reported 
effective level, 


if 


fections drug at mg. 
is of special interest be 
that the 
bon disulfide compound is effective at about 
one-half the dose level found for the other 
piperazine compounds the 
the 
the carbon 


indicates piperazine-car 


horse pos 


sibly because of presence of two com 


ponents in disulfide derivative 
which are active against the asearids, Ad 
in field tests 
are in support of this lower effective dose 
To dat 


administered by 


ditional unpublished findings 
level for this preparation doses 
of myg./keg stomach 
tube have 
completely 


been uniformly consistent in 
ana 
feces 
treatment of Thoroughbred 


Addi 


eliminating ascarid egg 


reducing strongvle eg 
atte 


weanlings 


markedly rs in 


‘ 
and 


sucklings vearlings 


tests to determine the 
dose 
mild be of 

be more efficient 
tube, as to the 


tional critical 


mal effective avainst asearids in the 


interest, The drug would 
when given b 
horse, than wher 
vine, where 
125 Hit kf 
ol piperazine 


both 


comparable to other 


carbon disulfide compl avainst small 


and large strongvles ts 


work with piperazine and of a similar 


that 


the rapeutic 


order to reported * To! phenothia 


zine oan doses of 1) dim for 


adult horse 
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= | 
appear 1 
tor 
el thre teed 
] thy 


Drupal LELAND 


activity against the 
sof 100 meg./kg 
in earlier 
etfer 


The 


small strong 


high level of 
les from dose 
in these critical tests was forecast 
this 


strongyvle 


reports in Which dose level 
tivel) 


effective action 


reduced counts [ess 


was indicated in the single 
ke.. but this observation is 
field trials * in this 
reduced stron 
of 90 


the observations on 


trial at 7o meg 
with 
characteristically 


at variance which 


has 


dlose 


yyle epg. on the order per cent 


Thus, in accord with 
the ascarids, the piperazine-carbon disul 
fide complex appears to give as satisfactory 
strongyles at 


two-thirds the 


small 
one-half to 


removal of approxi 


mately dosage 


piperazine base equivalent) reported 


for other derivatives 

The large strongyles were not so 
small 
level ot 


evidenced 


piperazine 
effee 
strong, les 


tively removed as the 


however, an appreciable action 


against vulgaris was and ts 
adipate 
this 


vith the dose inereas 


similar to that reported for the 
Vlore 


was not 


complete action against pecies 
associated 
Limited 
appre ared only at the 
level tested The number « 
was isufficrent to 
test ol 
indicated a 


“uvaitist 
highest 


in these trials activits 


nlatus 
encountered provide a 
satisfactory acetivits 
These 


level of 


results much highet 


activity against the mature pin 
immature fourth-stage lar 


mature 


worms than the 
Unfortunately, worms 
defi 
this 
Hetivity 


val forms 


were present in only 2 animals, and 


nite conelusions can not be drawn on 
limited 
was observed at 
is similar to that reported for the adipate 
Although the efficacy against the immature 


evidence however. the 


the lower dose levels and 


pinworms was of a low order, definite ae 
tivity of the drug was shown in the peak 
elimination periods following treatment 
This elimination could not 
the normal tendency of a 
tural of the fourth-stage 


experienced by others! and also noticed in 


be aseribed to 
continuous na 
passage larvae 
2 animals in the present series 
There was no indication of 
against 7 Reductions in egg and lar 
with 


MCTIVITS 
val counts were not associated treat 
ment, and specimens of this species were 
in all animals, 1 of 


heavy in 


recovered at necropsy 


which presented a moderately 
fection 
Definite 
against // 
bon disulfide 


effective treatment, but none of these 


removal 
obtained, Car 


evidence of activity 


muscae was not 


has been regarded!’ as an 


forms 


WYANT 


ELAM—SmitH—Dau 


in the feces after treatment 


two-thirds of the 


detected 


and, at me Crops 


Was 
animals 
showed infections, ranging from light to 
moderate 
Comparison between the worm collee 
eounts 
The 
marked reductions in strongyle egg counts 
in general reflected the high level 
tivity determined for the small strongyles 
but were misleading as an index of action 
which were 
The redue 
vulgaris also tended 


which 


tion data and the egg and larval 


presents several interesting points 


of ae 


against the large strongyles 
much less effectively removed 
tions in the larvae of S 
to give an estimate of activity Was 
higher than that 


This apparent discrepancy could be 


indicated by worm collee 
accounted for by a selective removal of 


The 


ulqay is 


more mature individuals increase mn 


the proportion of S among the 
larvae after treatment is in ae 
cord with the 
reflects the 


small 


strongy le 


worm collection data and 


more elfective removal of the 
strongvles than of ‘ arge stron 


al counts on 7 


agreement and fail to 


The egg and lary arel 


ovles 


were in indicate 


anv activitv against this 


Seven eritical tests were made with a 


suspension of piperazine-carbon disulfide 


Parvex) in horses at dosages of 
150, 200 meg./kg. of 


Complete removal of both mature 


complex 
75, 100. 
weight 


and body 
and immature ascarids and nearly complete 
removal (89 to 98%) of the 
uN les were observed Large strongy les were 
less effectively 
Strongylus vulgaris: 0 to 38% 


small stron 


removed 34 to 65% for 


for NStron 


The efficacy against bots 


qulus edentatus 
ranged from 17 to 100 per cent for Gastro 
phiius imtestinalis and 63 to 100 per cent 
Activity 


was of a low 


for Gastrophilus nasalis against 


immature order 


(O to 2 ( 


plnwortis 


while limited evidenee indi 
cated a more complete action (64 to 75% 
the adult There 
evidence of the stomach 


Habro 


against forms was no 


activity against 
worms Trichostrongylus arei and 


muscde 
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Chamble Be 


PRADITIONALLY, 
that 
named 


animal ringworm 
for their host. Thus, the der 


matophyte isolated from dogs was named 


Species cCHilse 


been 


Wicrosporum ol Wicrosporum 


CANIS The specific name Micro porum fe 


lineum was given to the cat parasite, and 


Vicrosporum equinum to that from horses 
A morphologically similar fungus isolated 
from beings with how 


human ringworm 


evel Was lano wi 
woolly texture, Furthe: 
indicated that these organisms were 
Today, 


named Microsporum 
because of its 
studies 
most mvycolo 
Bodin, 1902, 
Microsporum 
infected 


one and the same 
that M 


name for the 


consider 
is the valid 


commonly 


irists 


isolated from dows 
and human beings 
In the 


situation existed 


cats 
case of the Trichophytons, a 
similar A fungus isolated 
dog was named Tr 
Matruchot 
designated 
Trichophyton Blanchard 

and a culture isolated from horse 
named Trichophyton equnum by Ge 
doelst Later that 
of the trichophytons tsolated from animals 


from ringworm of the 


chophyton caninum by and 


Dassonville,” a cat isolate was 
felinceum by 
Was 
workers agreed mans 
were identical to Trichophyton meontagro 
Robin Blanchard 1896, which 
isolated human cases of 
llowever 


ph 
hac 


rinvworth 


been from 


one important 


ception is 7 equinwm Which man workers 


have accepted us 4@ species 7 et from 
mentagrophytes 
careful to 


two Trichophyton 


Sabouraud 
that there 


commonly 


WHS 


pomt out 
were species 
involved in infections 
of horses. One of these he 
a flat 


rapidly 


rinvworth 
deseribed as pro 


ducing white to creamy, powdery to 


vranulat colon 
called this fungus Trichophyton 
losum \lany mveologists believe that thi 


ponds closely to the granulat 


rrowing 


qranu 


eorre 
of 7 


todav a 


varie 


mentagrophytes which Is recognized 


sa common cause of animal ring 
The other Trichophyton which Sa 


Worth 


bouraud designated as an CHUSE 


the various dermatophyte 
have 


(ieor 


ringworm was 7 
deseribed by \iatruchot 
1896 named by Ge 


of equine 

first 
Dassonville in 
doelst in 1910 
ized by the deve lop nt ol 
with brilliant vellow 


at the edges and reverse 


equinum, a 
fungus and 
and 
was characte) 


a white, fluffy 


pigmentation 


This fungus 


colony 
side of the colony 

In the Mycology Unit of the 
cable 


animal 


(communi 


Disease Center, recent interest in 
Transmission to 


a study of 7 


determing 


ringworm and its 
man has stimulated 
effort to 
dlistinet 
ated 


( hoph ylon 


equinwit 
in an whether it Is a 
whether it is 
with 


has not 


species and 


almost exclusively horses. Tri 


equiniwn been recoy 
this 
SVnonyi of 7 


however, the 


nized as such in country. Conant ef 


al list it as a 
phytes; 


mentagro 
name appears fre 
quently in the 

Our first 
occurred several 


Kuropean literature 
with / 


years ago when numerous 


experience equintint 


Trichophyton species were obtained from 


collections for nutritional 
listed as 7 
had been obtained from the Cen 


Hol 


isolate 


various culture 
studies, One 
Baucet 


traal 


strain equinum 
voor Schimmelcultures 
that this 


Vitamin-free 


Bureau 
Studies 


would not 


land indicated 


medium 
This 


nicotinic 


vrow on a 
acid 
with 


acid tr 


unless supphed with nicotinic 
eould be 
amide or the 
Since this 


pathogente 


Vitamin replaced 
amino 


first 


vptophan 
was the species among the 
fungi known to have a require 
this 


nfortunately, the 


ment for nicotinic acid finding was 


reported | culture was 
and its 
could not be ce 
from the 
been 


almost) pleomorphic original ap 
termined It 
from a horss It 
vhether the 
nicotink iid Was 


isolates ot / 


pearance Was 
that 


Was 


assumed 
it had 
not known at the 


isolated 


time require 
ment tor 
of all 


Recently, during 


haracteristic 

ringworm 
being condi labora 


had 
tres 


survey 


tors e opportunit study a 


number of solates 
obtained from ring ( horses in 
the United anadi A similat 


survey ngland mac wossible for 


hophy Tol 


( 
artme | } ind ( ) 
\ thant ( 


TABLE 1—Data from Animal Ringworm Survey 


num 


ident 


P ot Cit t 
Cultur ( tur it st Ont 
‘ 
et ‘ at ‘ 4 ey 
mma aT 
Hor air Cli mater fema t / 
bred ‘ t 
it 
‘ Clit teria 4-mont i / 
ind as bo and 
i 
Culture ident From a por Per tland Disease a ’ 
Ged as 7 pread te oth por ribed «a 
eq nun ila ! ter t ‘ 
‘ ate ind pilated ppuratior 
on sdidle and th ‘ K ed 
nfected air 
‘ ture ident Fre ree n a | t f ntrod juinun 
fied as 7 tior in hor Kead and, 1% 
equinum ons rt abn ‘ ‘ n hd 
and rth fter ith al 
orse n t ta had t lisea Infected 
hair 
fied as 7 that above 
Culture rr rn ‘ ' " 
fied as / add und fi ' 
equinum 
Culture ident ort ‘ nd ' / yuu 
fied as / ad te 
equinum 
Culture sted ntra Ibu i j ana / 
us equinum 1oae ited f 
train Baudet 
equinum taker alse ntre 
tur sted ibouraud ¢ eq 
1. equinum 
(ulture ident ited ‘ ‘ ¢ phytor 
fied as 7 mentag 
phuters 
Cultur lent I sted fr re | adult } / hijte 
fied as 7 hit ind 
- nentagro ‘ if r and t f tion in area t 
phytes oint 
| hair nica materia fr at j t / hophy 
atthe } ne { at iv ve 
I ‘ ach r. we 
ture ident From a por Vimborr Lesior 
fied as 7 not nur t p te ' lia t le 
lis ten snd irr ape Ha t fted off 
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TABLE 1 (Continued)—Data from Anima! Ringworm Survey 


fied as M 
equinum 

Culture ident 
edas M 


equinum 


{ulture identi 
edas M 


equinum 


(ulture identi 
fied as M 


equinum 


us to study a number of dermatophyte 


train recentl isolated from horses in 


that eountrs In addition a number of 
train listed as / equinum and equi 
num were obtained from variou culture 
‘tions in different parts of the world 
oy purposes Of comparison everal 
other dermatophyte species 1 


been studied. These are: 7 


granular granu 


Olated from 


horse ha 
vile ntagrophytes Vil 
losum, Tru hophyton qyupseum) ; rv hoph 

verrucosum Trichophyton favilorme, ee casein ag 


Trichophyton discoides, Trichophyton al nicotinie aeid 


Trichophyton ochraceum); M. canis 


WV. felineum, M. lanosum): 
Wi which did not grow 


esponded to nicot 


bum 
to utilize nicotinic 


and WV gypscum (Achorion gypscum, 
md which did not 


crosporum fulvoum) 
tested for their al t to t e thiamine or 


combination of thiamine and inosito 


MATERIALS AND Meruop 
lu Representa 


Special Physic 


Twenty five strains of dermatophyts isolated 
tives of each ‘ ) ganism were tested for 


from horses and one strain from a dog are in } bil ; | 
their ability to perforate iil 1 ro his was 
eluded in this study The original identification 

done in aecordanes deseribed by 


is Well “as our 


final identification based on the results of the 
pig: inocu 


of there strains and their sourees Adelle and Geors 


tudies deseribed below are listed table 1 
eal 7 equinum strain and | mentagro 
lated fron rses o compare the 


1) Clinical Data and Study of Clinical Materials phytes strain iso 


Whenever the data were availabk i deseription lesions produced whether the 
number of animals morphologic il and teristics if 


of the lesions on the horses, the 


of human contagion these fungi would n repeated 


involved, and the oecurrenes 
clinical ma Passi pe 


were compiled Direet examination 


terials, hairs ind skin serapings was carried out 


J. Vor. Bs 
19 
ed 
f tud f sterial and } tificatior 
‘ ture ted [ype Cultur tior 
1. equinum 4 
‘ Ie f flu ent ha ot 
il deta Hair rece ! 
tur shelled ( tion ( t ited 
equinum 
rou und nd t 
re i | t nt of He Toront 
Kror the ¢ I) ( kk 
rot H t | 
het nf made n 
ad th 
= 
neludit Sri big t i 
ia ‘ \ trains 
rar nd n tl medium with 
nic eid is tested for al t 
imad -t ptophane trains 
on the tamin-free casein agar 
\ 
Typical mentagrophytes st from humas 
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sources were serially grown and transplanted on 


hairs in water over 


effort to 


horse a period of eight months 
morpho 


after 


in an determine whether any 


changes occurred 
These 


medium for the 


logical or physiological 


growth under these conditions strains were 


also grown on a nicotinic acid 


same length of time 


q Genetic Studies, Attempts made to 


mutants 


were 


obtain biochemical from an apparently 


autotrophic strain of 7 mentagrophytes var. gran 


ular obtained from ringworm of the horse, as well 


as from an equine strain which was morphologi 
cally similar but showed a partial requirement for 
Methods 


colonies from serially 


nieotinie acid used consisted of the 


selection of streaked plates 
and delayed enrichment as deseribed by Lederberg 


and Lederberg 
RESULTS 


Following a study of the available elini 
cal data as well as a review of 
ported in the literature, it 
that in general a similar clinical picture 
was produced by all the agents that cause 
equine ringworm, Minor variations in the 
severity of the 
infections, and the manner of hair invasion 


cases re 


was concluded 


lesions, contagiousness of 


do occur. These will be discussed separately 


under each fungous species 

The classic description of ringworm of 
the horse by Matruchot and Dassonville in 
These 
authors had occasion to observe and study 
which 


1898 '° can not be improved upon 


an epizootic of ringworm occurred 
horses of an artillery 
Since thei findings 


closely to the findings in 


among the regiment 


in France corre 
spond rather 
all types of ringworm seen in this series, 
n part 


ringworm 


their description will be quoted 


The animals presented a number of 


plaques Isolated lesions were seattered ovet 


the hindquarters and shoulders, others 


grouped together on the posterior part of the 


saddle area and were confluent The iso 


ited lesions first 


swellings and 
they could be 


visible 


appeared as 
touch before 


later the 


were perceptible by 


seen Some plaques becume 
matted and disordered in 
time the 
raction detached most of the in 


the remainder be 


because the } were 


these areas this hairs came out 
Slight 
ly eruet 
ioist and 
rwards the 
powdery of 
The 
pher il hairs I 
saddle 


mtehes by 


and girth 


their confluence 


from which the 
derived, the 


of the 
thus 


strains series were 
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lesions had developed thick crusts from 
which pus and serum could be expressed 
However, this type of reaction was the ex 
ception, with dry scaling lesions being the 
rule 
particularly 
formed 
worm of the horse has led to the use of the 
term ‘‘girth 

Although the clinical pieture of 
equine ringworm was similar in all cases 
examination of infeeted hairs 
revealed that the manner of hair invasion, 
particularly the size of the arthrospores 
produced, varied considerably with the 
fungous species involved, Only by obtain 
ing the invading fungus in culture, how 
ever, was the diagnosis of ringworm 
firmed and the identity of the 
fungous agent determined 


There Was C\ idence of severe itching 
had 


where heavy crusts 


The severe itching seen in ring 
for this condition 


ross 


MICcroscople 


eon 


specific 


Each of the five fungi involved in ring 
worm of the horse will be discussed sepa 
rately with regard to (a) prevalence, (b) 
special factors of the disease, (¢) the man 
ner of hair invasion, and (d) morphologi 
cal and (e) physiological characteristics of 
the fungi 

The 
known as 7 
that commonly causes ringworm infections 


basis for considering the fungus 


as a dlistinet species 


of the horse will be discussed following the 
presentation of our observations on the 
clinical materials and cultures obtained for 
this study 


TRICHOPHYTON EquinuM 


Infections This 


gus appears to be the most common cause 


a) Prevalence of fur 
of equine ringworm in the United States 
Kurope, and South America, Of 26 infe 
tions recorded in this study, 
this 
represented four other species 
indicates that 7 
ringworm in 
Dassonville first described the 


(97.7% 
The other 11 
The 


has caused 


were due to organism 
litera 
ture 
much 
truchot 


fungus 


equinum 
horses in the past. Ma 
and 
horses in rance ith 
190s that it wa 


Broeg 


from 
stated in 
common in horses in the Paris area 
reported 7 
100 cases of 
Neets 


infected 


Sabouraud 


Rousseu ef al 
of then 
in 1927 
27 of 321 
depot in Belgium in 1925 
found it in 28 of 100 cases in 1933 


it 20 
ringworm of the horse 


and Gillain found it ou 


horses, in a remount 


and Lebasque 
Mac 


kinnon describes an epizootic among 


horses in Uruguay due to 7. equinum in 


APLAS 


1936 (see culture 14, table 1 The epi 
zootic of ringworm in horses reported by 
Negroni in Argentina in 194] was prob 
ably due to this fungus too 

Ainsworth and Austwick’s 
vey of animal mycoses in Britain 
vealed that 7 
horse is common in that 


recent sur 
has re 


They 


eountry 


infection im the 


im. J. Ver. Kes 
COTOBER 1957 


‘ pizooties which 
to stable. The 
about 


described a number of 
rapidly spread from stable 
incubation period appeared to be 
three weeks 

A number of strains of this fungus were 
isolated in the United States and Canada 


rr 
during our animal ringworm survey rhe 


majority came from isolated cases of equine 


Fig. 1—(A) Ringworm of 
the horse due to Trichoph 
yton equinum. 


B) Horse hair infected 
by T 
type of parasitism. x 522 


equinum, Ectothrix 


A 
William ‘ Iladdonfield. 


im. J. Ver. Kes 
OCTOBER 195 


Equine RiInGworM 


ringworm, The strains from New Jersey entegrophytes (3.0 to 5.0 #) and the extremely 

No. 1 and 5) came from an epizootic, de large spored ectothrix Trichophyton, 7, verrucosum 
scribed by Batte and Miller, 72 which de 5.0 to 10.0 yp Sabouraud described the hair in 
veloped in race horses (fig. 1A) in several *°"'°" of 7. equinum as “‘eetothriz megaspor 


, pa n contrast to the ‘‘mieroide’’ type produced by 
Atlantic Coast stables. These horses ar 


‘ < T. mentagrophytes; however, he pointed out that 
continuously moved as the racing: season 


progresses southward in the fall and north- form epecies’’ (T. verrucosum). Figure VU 
ward in the spring. This fungas was first trates a hair infected by T. equinum 
isolated from this epizootic in 1953 and 


the spores were not as large as those of the 


‘ Vorphological Characteristics of Trichoph 
again in 1955. Prolonged treatment ap yton Equinum 1) Gross Colony Characteris 
peared to be effective in controlling the ties The characteristics of this fungus are de 
spread of the disease in the treated animal scribed as they developed on Sabouraud dextrose 
However, reinfection and new cases arose gar, The fungus grows rapidly forming a white 
due to the introduction of infected animals 4ewny to fluffy colony 20 em, in diameter | 


into a stable. Colts and yearlings were the seventh day. The surface .is at first flat but, 


: . the end of the second eek, it ' sho ‘ 
most susceptible, but animals of all ages 
became infected. It is probable that in 


fected hairs which remained on brushes 


heaping and shallow folding fig. ZA At 
edge of the colony, there is usuall 
submerged growth which is obvious bee 
combs, and saddle gear were a source of prilliant yellow-orange pigmentation revern 
infection, Fungi on hair have been found — side of the colony is at first a lemon yellow, but 
to remain viable for a period of a year and — soon becomes bright yellow-orangs As the cul 
a half when kept in a dry test tube in the — ture ages, this pigment gradually changes to 
laboratory. Walker ** has had similar ex deep rose red. 

perience All of the recently isolated strains corresponded 


Human contagion has occurred in a num closely to the above description and agreed with 
ber of the epizooties, but the number of the description given by Matruchot and Dassonvill 


6.0 ) for this organism One of the strains from th 
cases was apparently low Sabou 
‘*Sabouraud collection No. 15 of this 
raud” described 4 cases of 7. equinum in ‘ 
did not develop yellow pigmentation The revers 


fections in adult men, all on bearded areas ide of this colony was at first light pink and later 


of the face. In 3 cases, there was considet heeame deep rece red. The strain from the Con 
able tissue reaction and the development Of — traal Bureau voor Schimmeleultures in Holland 
kerions with many parasitized hairs. The No. 13 in this series) was extremely fluffy and 
fourth case, which presented an early le showed no pigmentation, Since both of thes 
sion, showed only a small raised erythema strains had been in culture for many years and 


tous area The hairs were at an early stave were partial pleomorphic, they had undouobted! 
the rig vig tatio 
of parasitism. Ainsworth and Austwick a 


did not report human contagion from Microscopie Appearance of the © 


richophyton quinum strains 
equine ringworm, In our present surves Trichophyton All 


those vy isolated, sporulated 
we have not observed cases of human in otstpiag | 
> bouraud dextrose The branch 
fection due to this fungus 

bh) Manne of Hair Invasion by Trichophyton 


The manner of hair invasion b 


mycelium, about 2.0 4 in diameter, bore 


many microconidia These were 
slightly ela te to elongate spores borne alon 
juinum Was adequately deseribed by Matr 
, sides of the mycelium, Some were attached 
ind Dassonville The hairs examined 
ind others were on short, delicate sterigmata 
ous cus iW ur series conformed to 
sil broken from the cellum \ 
deseription infected hairs revealed 
| t ne spores at thei th 


the spores often completely filling the root sheatl 


otato- dextrom m wort 
On the upper portion of the hair, chains of spor 
wroconid ‘ numere 
er rregularly dispersed on the 
majority of then on slong the sides of the mycelium 
rt f the hai nm some reus comple 
ength « i mi wh, i dense grapelike clusters, A few macroconidia 
sheath of spores was resent Where the spor 
ith is vy observed in some of the strains on this mediun 
db me dislodged, m ‘lium and some spore 
had becon lislodged, mycehum These were iriable in size and shape but were 
hains were seen in the interior of the ‘irs ‘ : . 
chain ‘ an generally slight clavate Phe had thin, amootl 
diameter of the arthrospores varied from 


8.0 uw with an average size of 5.8 4, This ty 
hair invasion is most correctly deseribed as 
thrix with medium-sized spores in chains 


ive the spores is ntermediat between that 


40:3 
uu 
neluding 
or 
ng 
law ¢ 
gt 
ot 
fig 
” of 
eet 
jor 


(7 


walls and were composed of three to four cells 


Poorly developed spirals were seen in one strain 


Chiamydospores were numerous in old cultures 


The microscopic picture of the strains 


studied 
in this series appeared to be similar to those for 


this species described by Matruchot and Dasson 


ville, with the exception that these authors did not 


Mackinnon, 


macroconidia 


observe macroconidia however, ré 


ported finding and spirals in the 


strains he isolated from horses in Uruguay 


d) Physiological Characteristics of 


Trichoph 
yton 


Kquinum All of the 
had the 


strains studied which 


above-described morphology were found 


to have a complete requirement for acid 


NH or 


nicotinu 


None of the strains would grow on 


(acid -hydrolyzed 


but they all 


casein vitamin-free mediums, 


grew well on similar mediums con 


KAPLAN 
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taining nicotinic acid 2 mg./mi 


This 


equimolar amounts of 


require 


ment could be replaeed by 


nicotinie amide or relatively large amounts of 


performing 
dese ribed 


l-tryptophane. The method for such 


nutritional tests has been previously.” 


One strain (No. 15 in this series) which had been 


obtained from the Sabouraud Collection showed 


only a partial requirement for niecotinie acid. As 


this strain had been in the culture collection at 


least vince 1930, it is possible that it had under 


gone some change since its original isolation The 


eulture was nearly sterile 


ind did not produce the 
vellow pigment characteristic of this species. The 


other nearly pleomorphi 
collection No, 13 


1946, 


strain from the 


which had 


still exhibited 


Dutch 
been in eulture at 
least since 


i complete require 


ment for nieotinie acid 


Fig. 2—(A) 
ton equinum, 


Trichophy 
Variation 


in colony morphology 


B) Trichophyton 
num 
ology from Sabouraud 
dextrose 


equi- 


Microscopic morph 


agar. Microco 
on sides of 


x 522. 


nidia borne 


the mycelium. 


~ 
~ 
Be | 
¥ 
A 
- 
J 
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I]. MENTAGROPHYTES 
(Var. GRANULOSUM ) 


a) Prevalence of Infection Although 
T. mentagrophytes has often been men 
tioned in the literature as an important 
cause of ringworm of horses, it appears to 
be a much more common cause of ringworm 
in other animal species. In our current 
survey of animal ringworm, this fungus 


has been isolated only once from horses; 


however, we have obtained 18 isolates from 
dogs, two from cats, six from chinchillas, 
and 42 from wild animals (13 mice, 18 rats, 
and 2 opposums 

From a historical point of view, T 
tagrophytes was the first dermatophyte 
species described as the cause of ringworm 
of the (Sabouraud, 1893).** This 
fungus was apparently a common cause of 
ringworm of the and of extensive 
epizootics in cavalry regiments at that 
time. An outbreak in the Sudan, in 1906, 
lasted nearly a year with 800 infections 
observed By 1908, Sabouraud 
that in the district of Paris this type of 
ringworm had 
equinum more common 
zootics reported by Neefs and 
1931,'° of 321 cases of ringworm in horses, 
none were due to 7. mentagrophytes, while 
Broeq-Rousseu ef reported only 2.5 
" found only ex 
Catanel, 


men 


horse 


horse 


recorded 


become more rare 
In the epi 


equine 


and 7 


per cent, and Lebasque 
ceptional cases due to this fungus 
however, recorded an epizootic in Algeria 
due to 7. mentagrophytes in 1939 In the 
present series, only 2 cases of ringworm in 
horses due to this fungus are recorded 

b) Clinical Hair Infected by 
Trichophyton Clinical material 


Appearance of 
Ventagrophytes. 
was not available from the 2 equine cases in this 
One of the (No. 16) was 
guinea 


series cultures inocu 


lated 


this animal were studied. 


pig, and infected hairs from 
The pieture of the hair 


invasion was similar to that 


into a 
seen in other infec 
tions due to TT. mentagrophytes and corresponded 
closely to the Sabouraud 
Actually, the 
by 7 


spores is smaller, ranging between 3.0 and 5.0 4 


description given by 


picture is similar to that produced 


equinum except that the size of the arthro 


general, the more uniform 


spoke of the hair 


and, in spores are 


size Sabouraud invasion by 


T. mentagrophytes as ‘‘eectothrix mieroide’’ and 


of the invasion by equinum as eetothrix 


c) VY orphological Characteriaticsa of Trichoph 


uton Ventagrophytes var. Granular The morpho 


logical characteristics of 7. mentagrophytes 
granular are well known and need not be 


detail here A brief 


given 


deseription is included 


Equine RINGWORM 


table 2 for purposes of comparison with 7. equ 
The two strains isolated from horses this 


(No, 16 and 17) 


species both in gross and microscopic 


num 


series were characteristic of this 
morphology 
Trichoph 


with 


that 


Characteristics of 
yton Ventagrophytes Nutritional 
this by Robbins and Ma 

this organism is autotrophic for 


d) Physiological 
studies 
fungus indicate 
Vitamins. In the 
routine nutritional studies, we have 


course of our 


tested 25 strains of the granular variety of 7 


mentagrophytes All of theme well on casein 
TweWe of thes 


stimulation by 


grew 
strains have 
acid ro 


from a 


vitamin free medium 
nicotini 
isolated 


stimulation by this vitamin 


heen tested for 
date, 
horse has shown any 
Although this 
medium, a greater amount of 


added 


only strain 17 which was 


strain grows well on vitamin free 
growth occurs when 


nicotinie acid is 


TrienornyTon Verrvucosum 


Infection 
first 
known as 7 


a) Prevalence of 
the fact that 
the fungus 


In spite ol 


one of the isolations of 


now verrucosunm 


was from an outbreak of ringworm involy 


ing 40 horses (and 9 human beings this 


fungus has rarely been reported as cau 


ing ringworm in horses Trichophyton 


verrucosum is the common cause of ring 


othe ! 


animal 


worm in cattle in this country and 


countries. In the course of our 


ringworm survey, 7. verrucosum has been 


frequently isolated from in cat 
tle, from an outbreak of 
donkeys, and once from a burro 
Ainsworth and <Austwick, 
found this fungus to be a common agent 
of ringworm of cattle in England 
isolated it from a In both of 
equine cases, the horses had been pastured 
with ringworm-infected cattle 

b) Clinical Hav 


Trie hoph yton There is 


ringworth 
ringworm among 
and a 
horse who 
also 


horse these 


Infected by 
little differ 


mode of the hair invasion 


1 ppe arance of 
ence of opinion on the 


by this organism. In general it has been de 


scribed as a large spored ectothrix or ectothrix 


megaspore, but the size of the spores is consider 


ably greater than those of 7 which has 


equinum 


been given this same descriptive term In 7 


verrucosum, the size of the arthrospores ranges 


between 5.0 and 10.0 # in diameter 


c) Cultural Characteristics of Trichophyton Ve 
rucosum The fungu 
another publication \ 
table 2 The 


leads to the 


gross 


deseribed in 


morphology of this 
has been 


brief description is presented higl 


iriation seen in the colonial form 


recognition of several varieties. The two isolated 


from horses in this series represented the varieties 


diacoidcea and verrucosum The diacoides variet 


isolated in England has changed upon subculture 


to a typical album variety 
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d) Physiological Characteristics of Trichophyton 
Nutritional studies of this 
Im the of 

tine nutritional studies, we have tested 92 strains 
of 7 Of ‘ 


quire 


Verrucosum fungus 


have been course our rou 


re ported 


~¢ 
these, 78 strains re 
for 


thia 


verrucosum 


thiamine and inositol, 


OF 
(15% 


two vitamins, 


14 


strain 


while 
One 


only 


to 


growth strains require 


mine has reported require 


thiamine, inositol, 
this 


were 


and pyridoxine 
the 


found 


two isolated from 


to 


In strains 


series, 


horses both require thiamine and 
inositol 

thia 
the 


original 


Since it 


had a 


inositol, 


for 


from 


complete requirement 
obtained 
Culture Colleetions labelled 
fell this group The 
morphology was not observed, since this strain was 
de 
results of 
appear that 
is 7 ve 


mine and one strain 


American Type 


equinum’’ also into 
Hoerlein ’s 


the 


when received, From 


this 


ple omorphic 


scription of strain,” well 


tests, if 


as “us 


our nutritional would this 


strain ified 


1\ PoRt M ANI 


of Infection 
Wicrosporum canis infections in 
first 
the 

The name 


a) Prevalence Among 


horses 


deseribed Bodin 
of 

given to this fungus by Guéeguen in 1904 

This differentiated V 
canis by early authors largely on the basis 
of the smaller of the 
The identity of this fungus with 


were 
under 


by in 


equinun Was 


name audouims 


Val 


species was from 


macroconidia 


in 1935 and was 


size 
canis 
was suggested by Conant 
later substantiated by a statistical analvsis 
of spore size in the genus Microsporum by 


this same author 


Vicrosporum CanIS Is apparently a 


mon cause of ringworm of the horse. Brocg 
Rousseu ef al.’ found it the cause of 72.5 
per cent of equine ringwork th army regi 
ments in France and Algeria in 1928; Berg 
reported it in a German army trans 
involving 600 in 1942; 
t in 60.0 per cent of the 
ringworm of horses in Algeria and Iran in 
1934; Neefs it 
of 321 
(atanel 


ner 
port 


unit horses 


Lebasque found 


and Gillain reported in 


ringworm-infected horses; and 


reported an epizootic in a gat 
Case Was 


were 


rison in Algeria in 1939. A sing 
reported from the United States by 
lein 1945 
often observed 
To date 
from 


in Iluman contact cases 
not isolated this fungus 
have able 
to study a number of recent isolates from 


we have 


horses; however, we been 
the survey being conducted in England 
bh) ¢ Ha Infected 


All authors agree that 


thy 


linical ippea ance of hy 


fan 


RINGWORM 


fected hair of the ectothrix Mis 


sporum 


Thy 

Fluorescence 
lamp has been 
the hors 


study 


type with small spores mosai 
to 
Wood 's 
of 


for 


average in 
of infected 
occasionally 

The 


wick 


spore 
hairs under a 


secon in ringeworm 
furnished 


to 


infected hairs 


identical those commonly 


the 


were 


ringworm of dog or eat 
icrosc 
Ihe ré 


well 


¢) opic Characteristics of Microaporun 


Canis have been well deseribed and are 


known \ this 


table 


generally brief deseription of 


species included in 

The 
this series 
of 


is 


isolated strains studied in 


24) fell 


Variations 


recently 
No. 21 to 


morphological 


foul 
well within the 
the M 
and dog ring 


range 
seen in 


if 


can 


cultures commonly isolated from « 


worm cases seen at our laborators 


d) Physiological 
As fur is Wwe 


this p 


Wie 


nutritiona 


Characteristics of 


um Can Know 


quirements of itticular species have not 


thoroughly studied No nutritional 


All of tI 


well on 


ifie 
quirement has been 
studied 
tree 


iid 


reported 


this seri rrew 


in 


medium ‘ were not stim 


MicrosvoruM 


Wicro 
animals 
in the 
A jello 
dicates that up to 1935 only 61 such reports 
had In 
had recorded 
horses 

The 
this 
1907 
‘cuplike 


similar 


Tunfection 
of 
not been recorded frequently 
A review of the literature by 


a) Prevalence of 


sporum gyupseum ringworm hus 


past 


been made one tostance, 40) cases 


been na single group of 


caused 
Bodin 


erusted 


first known human 


fungus was reported by 
of the heavily 
Which he thought 


seen ith human 


Because 
lesions were 


to those favus 
due to Achorion schoenleine | Trichophyton 
schoe nleind), he placed the fungus the 
Later 


were 


Achorion 
found 


as qgypscum 
that cuplike 
finding in either human 
fact 
suppurative 


Not 


(Garigorakis 


workers crusts 


not a constant 


or 
and, simple 
of hau 


were 


animal infeetions in 


scaling with loss or 


lesions sometimes 
did 
place Bodin’s fungus in the genus Micro 
the ofl 


characteristics 


kerionic 
until 192s 


Giuiart and 


sporum on basis its morphological 
this 
and 


attributed to 
S21 cases 
ol 
horse 
these 


Epizooties in horses 
fungus, have been reported by 
1928 (40 of 
1942, in a 


transport 


and 
HO 


Gillam 
Bergner 
fected 
human cases were reported 


in 

in yroup 
(rerman arm) 
in 


Zooties 
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Fig. 


KAPLAN 


3—(A) No growth of Trichophyton equinum on human hairs in distilled water (Petri 


dish on left) compared to luxuriant growth on horse hairs (right). 


B) Nutrition test showing requirement for nicotinic acid by Trichophyton equinum 


Tube on 


left: NH,NO, dextrose agar; right: NH,NO, dextrose agar with added nicotinic acid. 


In the 
of M 


present series, only one instance 


gypseum infection a horse was 
Since it had not been previously re 
this equine case has 
This 
type of ringworm is apparently common in 
the isolated 64 


Strains two 


ported in this country 
been deseribed Ith detail elsewhere 


dog To date, we have 


from ringworm-infected dogs 


from cats, two from wild mice, and two 


from wild rats 

Recent 
that qupseum is common soil 
phyte It odd that 
ioman and animals are not 
it cliffieult 
fection 


AP pears 


studies by Ajello have shown 
Sapro 
infections 
Actually 


experimental in 


The 


SCCTILS more 


seen 
to produce 
this fungus 


with organism 


to be essentially a soil saprophyte 


only occasionally infer 


Although a 


from 


which produces 


tions lew instances of conta 


rion animals to man have been re 


corded, in most instances of human 


infection such evidence is lacking. It seems 
that both animals «a 
their infections directly from the 


of Ha ee by M 


man and 


probable 
quire soil 


nica ppe arance 
m In 
infeeted hairs 


us appeared a 


On the hairs, the 


sheath but are wu 


irthrospores seldom occur as a 


distinet massed over 
length 
ean usually be detected in Musses rhe in 


terior of the hair 


its surface Linear chains running along its 


with branching 
mvyeelium The does not 
resemble hairs 
es such as WM. car r st to M. can ! 
hair 


fluorescent 


infected oO r \ rosporun pe 


ons, the 
isuialls 

Vorphologu 
m Gypseum 

gypsei 

fungus as 


descriptio 


reported | 
ippears te 

ines When thi 

rm of the hor 


requirements 


ive different dermatophyte species have 


found associated with rn 
fections of the horse. In order of frequene) 
these are T. equinum, 2 V 

/ i! ranular,. } 
verrucosum, eum 


Tri hophyton 


sely related to utes but it 


been yworm in 
phute 


mentagro 


ana 


is dustinet im colo nutri 
requirements, an of arthro 


Tricho 


onsistently 


onal 
spores produced on infes hair 
phyton equinum a 
horse 


associated with rin ) of the 


infections have been reported in hu 


and 


Rare 


man contacts 


| 
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r 
\4 
» 
a | 
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a (Chara f Mie po 
The eult from equine ease 
in lowe } | we 
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n were ‘ ror tud 
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It is interesting to postulate that nico 
tinic acid-requiring mutants of 7 
while 
Trichophyton men 


men 


tagroph yles survived growing as 
parasites on the horse 
tagrophytes and T. equinum found in ring 
worm of the horse suggests this possibility 
One of the morphologically typical 7 


isolated 


men 


tagrophytes var. granular strains 


from ringworm of the horse (No. 17) was 
found to be stimulated by 
This finding that 
forms may exist 

The question arose as to whether horse 
offered nutritional en 


vironment which might allow for the selee 


nicotinie acid 


intermediate 


suyvvests 


hairs any special 
tion of a nutritionally deficient organism 
Several specimens of hair from horses, hu 
man beings, and other animal species (cat 
dog, rabbit, guinea pig, monkey, donkey, 
were obtained for comparative 


and mule 


studies. Typical isolates of 7. mentagro 


phytes Var granular and of 7 equinum 


were grown on autoclaved pieces of these 


various types of hair in sterile water. Tri 
chophyton mentagrophytes grew on all of 


However, it 
of growth on 
related 


yreat as 


the hair was re 
markable 

hair 
two or 


specimens 
that the amount 
and hair of 
three times as 
human or 


horse species 


that 
hair 


was 
obtained on 
(fig. 3A). 
Trichophyton equinum acted quite dif 
ferently. This did not grow on 
human hair under these conditions. How 
ever, it grew luxuriantly on horse, donkey, 


nonequine 


species 


and mule hair 
Since 7 


a mplete 


equinum has been shown to have 


requirement for nicotimie acid 


it appeared probable that equine hair fur 
nicotinic 


hair did 


nished available nicotinic acid or 


acid while 


hot To determine if 


precursors nonequine 
this differen 
nicotinic acid added in 
milliliter of 
hair had 


eonadition equinum 


was the 


liating Tactor was 


the amount of 20 pg. pet wate! 
in Which the nonequine 
placed | this 


grew as well on the 


been 
nader 
nonequine as on the 
equine hair 

It vould 


duces ringworm 


appeal that 7 equinum pro 


almost exclusively in 


equine Species because its nutritional re 


quirements are adequately met in this en 
ronment The 
The fact that 


do occasionally 


fungus is aptl named 


infections of and dogs 
and that this ty pe ot 


Induced experimental 


han 
Oceur 
ringworm can be 


in the guinea pig, indicates that the fungus 


RiInGworM 


the dermal 
infections are short 


can survive on tissues of these 
llowever, lived 
and further transmission usually does not 


hosts 


Since horse hair appears to furnish nu 
trition not available in human hair, it was 
important to determine whether growth of 
the common varieties of 7. mentagrophytes, 
such as variety granular from human sup 
purative ringworm, and the downy variety 
from human tinea pedis, might be altered 
by serial transplantation and 
Such serial 


in any 
growth on horse hairs in water 


way 


transplants were made every two weeks for 
a period of eight months, Serial transplants 
acid-enriched 
mg./ml.) were made during 
riod of Other than a tendency to be 
come pleomorphic, no changes either mor 


on nicotinic casein agar 
the same pe 
time 
phological or physiological were observed 
in these strains 

There was also speculation as to whether 
these varieties of 7. mentagrophytes pro 
duced biological mutants (specifically mu 
tants requiring nicotinic acid) under nor 
mal conditions. Accordingly, a number of 
apparently autotrophic strains of 7 


tagrophytes were serially streaked on agar 


men 


plates and a large number of colonies, the 
oretically arising from individual conidia 
No nicotinie acid 
The de 


layed enrichment procedure, described by 


were selected for testing 


requiring forms were obtained 


Lederberg and Lederberg,’ Wis also tested 
Plates of 


were 


basal agar (casein vitamin-free 


agar serially streaked. On plates 


disper ed 


back 
teril 


where the colonies were well 
their 
ol the 


pemeillin cups wer 


marked on the 
\fter a few da 
placed in the 


locations were 
plate 
eenter 


of each plate and a dilute solution of nico 


tinie acid was added, The plates were again 


examined after several day however, no 
new colonies appeared 

Similar were carried out 
using the 7 
had shown stimulation by nie 


acid (No. 17 in this series fn thi 
ssible to select 


experiment 

mentagqrophytes culture which 
it Wiis po eolont 
showed grei r stimulation than 


No colonies with a“ 
for this 


compl te 


tamin were found 


SUMMARY 


It is that Tru haphyton 
equinum (Matruchot and Dassonville) Ge 
doelst he valid spe 


suggested 


considered as a 


+4 


#10 


cies distinet from Trichophyton menta jton Mentag 


athologi 
grophytes Led 
2) Trichophyton equinum is a common and Indires 
1952 
cause of ringworm of the horse in the 
United States, Kurope, and South America Man and Anima 
 Brocq-Rou 
Etude des 
teristic colonial form and pigmentation and — expérimental 


4) Trichophyton equnum has a charac 


has a complete nutritional requirement for 7 
nicotinie acid, The manner of the invasion 

of the infected hair may be described 

ectothrix with medium to large spores ontamin 
to w). These characteristics distinguish 
it from all other dermatophyte species 


1) Clinically, the disease produced in 


horses by 7. equinum is similar to that pro 


duced by other dermatophyte species 

») Five different dermatophyte species 
have been found associated with ringworm 
infections of the horse. In order of fre 
quency these are: (1) 7. equinum, (2) Mi 
crosporum canis, (3) T. mentagrophytes 
var. granular, (4) Trichophyton verruco 


yum, and (5 Vicrosporum gypseum 
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Persistence of Viremia and Immunity in African Swine Fever 


DONALD E. DeTRAY, D.V.M. 


Kahe le 


AFRICAN SWINE FEVER (ASI 


In nature in wart hogs 


IS maintained 
Phacochoerus sp 

and bush pigs ( Potomochoerus sp.).' In 
fected wild swine are inapparent carriers 
and appear to suffer no ill-effects from the 
virus. However, in domestic 
virus produces a highly contagious 
acute infection which clinically 


Swihe, ASE 
per 
resembles 
acute hog cholera but immunologically is 
distinet from it 
Montgomery ' reported a 
YS.9 per cent in 12 swine in 
volved in asr in Kenya from 1916 to 1912 
Survivors of natural 
and attempts to immunize 
have the part failed 
survivors of ASF in domestic 
for 


mortality of 
76 domestic 
infection were rare, 
against ASI 

Thus 


swine 


for most few 


have 
and 


been available 


other 


Immunological 
studies 
Between the initiation of this project in 
July, 1954, 1956. there 
were 13 217 domestic pigs ex 
The term ‘‘survivor’ 
is used, with reservations, to describe those 
that lived significantly 
periods than usual after exposure to Asi 


and February, 
survivors of 
posed to ASF virus 

pigs for longer 
virus. The period of survival varied from 
24 to 456 days. The average interval from 
exposure until death of those which de 
veloped typical AsF was 17.4 days for 3% 
pigs which were exposed by 
eight 


msec 


contact and 


one-halt for &2 
by inoculation 

Since all 13 of the so-called 
eventually died of either chronic or 
ASF, no 


and (lays ex 
SuUrVIVOrS 
acute 
of survival was based on true 
A 
onstrated in & of 
did not 


tested 


CUS! 
persisting viremia was dem 


the 13 


persisting 


survivors I'wo 

viremia when 
tested. Thus, & of 
the so-called survivors actually had chronic 


show a 


and 3 were not 
cases Of ASF and were also carriers 


When the first 


this series protected a second 


serum from survivor in 


pig against 


‘ 
4 simultaneous virus challenge, the 


POss! 


Kenya, East Africa 


bility of developing a successful antiserum 
Hlow 
ever, later experiences with this method of 


against ASF virus was considered 
were discouraging 
This paper is essentially a report on the 
S surviving swine which showed persisting 
The that the 


resistance of swine to 


viremia theory is advanced 


surviving domesti 
subsequent ASF exposure may depend on a 
rather the 


eimreulating antibodies In 


persisting infection than on 


persistence of 


addition, the potential danger of domestic 


swine as carriers of ASF is re-emphasized 


Walker 


F-recovered dome 


Stevn demonstrates viremia in 


months following a ‘ reaction ine 


moculation of infeetious irt 


hog blo 


mentioned that one South Afriear 


probabl sulted 


ihattoir ‘ 


from feeding 
irriers 

DeKock ¢ re 
whieh 
earriers 


ceptible 


cognized 
survived an epizootic of Ast 
They 
pigs died of F when pl 
which had 

These 
in the 


might 
stated that in one instar 
vivors ittack 
months worker 

blood of 6 of 
wo 


vhiel 


itural infection 


rvivors we ll] earrier when ln 


mouths lates 


pigs 
experiments ibsequentl re 


d= not ho 


rithnmuthe 


th from 


LITRE ¢ 
| is unable to she that tl od of 
50115, 
| 
fron 
mest ne 
rew 
lemor 
ter 
tion 
W ker tated ntiger 
ferred wm mit nd Del «al ! 
th « eine fontg 
of nad nf \ 
pre cod run bine t 
eT ra he nima ) and 
artment of Agriculture rst po ere tock 
aye published unde e tert 
i f lerstanding bet we he Departme of t 
na Ser ‘ Ke East 1 the f Ker 


of blood taken from a suspected carrier was in 


oculated into a susceptible pig Blood was taken 


from the anterior vena eava of the suspect and 


placed in a l-oz. bottle containing anticoagulant. 
Modified 
citrate, and heparin 


lants at 


Alsever’s solution, 2 per cent sodium 


used as the 
The 


and 2 per cent sodium citrate were used in equal 


were anticoagu 


various times Alsever’s solution 


parts with suspected blood. A solution containing 


10 mg. per milliliter of sodium salt of heparin 


was used, and 0.2 mil. of this solution was mixed 
10.0 ml. of blood. 


virucidal effect, 


with each Sodium citrate ap 


peared to have some sO heparin 


was selected as the anticoagulant of choice for 
this work 


lated 


The susceptible test pigs were inocu 


minutes after the blood samples 
held in 
taken 
called 


typical 


within 15 
taken 


were The subinoculated pigs wer 


isdlation stalls and their temperatures 


morning and night. The viremia test w: 


positive if the subinoculated pigs 


clinieal signs of ASF and typical at nee 


ropsy. The test was called negative the sub 


inoculated pig remained normal and was later 


when challenged with ASF virus 
hlood 


usceptible 


Serum was obtained from imples taken 


from the anterior vena eava or from the tail of 


surviving pigs All serum vere inactivated by 


heating for 30 minute it The presence of 


intibodies was determined b erum- protection 


tests In pigs against imultaneous virus inocula 


tion, or contact exposure, or both One ittemprt 


Wil made to deteet antibodies |} in in vitro 


serum neutralization test 


Crystal-violet ASF vaccine was iccord 


prepared 


ing to the production method deseribed by Cole 


ind Henley® for hog cholera An aluminum hy 


droxide-adsorbed vaccine was prepared by mixing 


equal parts of ASF blood and aluminum hydroxide 


gel (aluminum oxide content 5% Formalin 


was added to a concentration of > per cent, and 


the vaecine was ineubated for 7 hours at ra A 
50-Ib. pigs 


8.0, and 10.0 ml, of the 


Four were each given doses of 5.0, 


inactivated yvaecines 
iluminum hy 
intervals, Tw day after 


with 1.0 


vere given erystal-violet and 2 the 
l4-da 
the final dose the 


droxide at 
pigs were challenge 
mil, of the ame virulent virus blood from which 
the vaecines 

With one 
virus, isolated from an 
August O54, 


Defibrinutes 


the Hinde 


inimal with d 


‘ xeeptior 


tion in Kenya in 
out the 


| throug! 
experiment 
i the stock challenge 

titer of 10 , using 2m ‘ ‘ enfold dilu 
tion The 


moculation 
never failed to kill contre f erage 
stock 
virus tored at In the 


South African Spencer 


interval of eight and a 


challenge 


ingle exeeption, the train 


of ANI viru obtained from th Onderstepoort 


laboratory, was ved as the challenge vir 
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A summary of the viremia and antibody 
tests on the & surviving pigs which showed 
table 1). A 


a persisting viremia is given 


TABLE i—Summary of Viremia and Antibody 
Tests on 8 Domestic Swine Survivors of African 
Swine Fever 


Viremia tests Antibody tests 


Days 


PE Results 


Positive 
Negative 


Negative 


brief history of each of these 8 carriers 
follows 

1) Pig 2093, the sur 
this lived 
156 days after it was first exposed by con 
tact with 3 pigs which died of acute asi 
Pig 2093 showed a febrile peak of 107.2 F 


rE) day 13 


first and longest 


vivor in series Of experiments, 


and 
unaided 


on postex posure Was 8O 


sick it could no longer stand 


llowever, a week later, the pig was eating 
normal. It 


and the temperature Was con 


tinued in poor condition for two months 
and developed pronounced swellings of the 
hocks and under the mandible but it grad 
ually improved and appeared normal until 
During the 15 
months of its survival, 25 pigs died of acute 
stall 


constant 


a W weeks be lore death 


ASF in the same thus providing 2095 
with 
rus It showed periodic 


104.0 F.. but 


almost exposure to ASF Vi 
febrile 


four of the six 


reactions 


over positive 


D. E. DeTray 
RESULTS 
— 
Pig survived Da 
69 Positive 19 
Positive 141 
125 Positive 
Negative 
44 ‘ 
Negative 
i 
144 169 egative 
; vegative 
‘egative 
iv 1 ! i Negative 
trate hict ma | 
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(table 1) were made when no 
febrile reaction was present. It was nega 
tive when tested for viremia on PE days 
352 and 369 but viremia was again shown 
to be present on day 440. On pe day 27, 
blood was obtained from 2093 for serum. 
Antibodies were demonstrated in this se 
rum by a protection test made on pig 2117. 
Since a viremia test made on day 27 also 
was positive, it would appear that, at this 
time, there was coexistence of virus and 
protective antibodies in the blood of 2093 
Thirty milliliters of serum taken from 
2093 on pe day 49 and 70.0 ml. taken on 
day 141 failed to protect susceptible pigs 
against either 
tion or contact 
virus. 

2) Pig 2117 sickened but 

7 days after a simultaneous inoculation 
of 45.0 ml. of serum from pig 2093 and 1.0 
ml. of ase Hinde virus. A control pig re 
ceiving the virus alone died seven days 
after inoculation. Following exposure, pig 
2117 had a febrile 
peak of 107.2 F 
from pig 2117 on pe days 15 and 33 con 
tained antibodies which 
strated by protection 
2122 and 2127. Sixty milliliters of serum 
taken from 2117 on pe day 99 failed to 
protect 2 pigs against simultaneous inocu 
1.0 ml. of ase Hinde virus. As 
in pig 2093, 2117 appeared to show coex 


viremia tests 


simultaneous virus inocula 
exposure to ASF Hinde 


survived for 


reaction reaching a 


on day 5. Serum taken 
were demon 


tests made on pigs 


lations of 


viremia and anti 
bodies on PE days 15 and 33 

3) Pig 2122, exposed to asi 
pigs immediately following the inoculation 
of 20.0 ml. of serum from pig 2117, 
ened but survived for 86 days. Its febrile 
reaction started on pe day 11 and reached 
a peak of 107.0 F. on day 14. A 
pig similarly exposed died on day 17 

} Pig 2127 sickened but 
days following the simultaneous inocula 
tion af 45.0 ml. of pig 2117 
and 1.0 ml. of ast The fe 
brile 105.2 
on day 7. A given the virus 
alone died on PI Kifty-five milli 
liters of serum taken from pig 2127 on PI 
failed to 
against a simultaneous challenge of 1.0 ml 


Hinde 


5) Pig 2144 survived for 169 days after 


istence of protective 
infeeted 


sick 


control 
survived 3562 


serum from 


Hinde 
peak ol 


Virus 
reached a“ 
pig 


day 49 


reaction 
control 


day 73 protect another pig 


of ASI virus 


being placed in contact with the 4 previous 


surviving carrier pigs. Another pig simi 
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larly exposed died on day 18. Pig 2144 
also survived contact with pigs dying of 
acute ASF on PE days 17, 30, 68, 72, 
115. In addition, it survived the inocula 
tion of 5.0 ml. of virulent ase Hinde virus 
blood on Pt day 60 it was the first of 2 
that carriers without first 
showing signs of asr. Sixty milliliters of 
serum taken from pig 2144 on pe day 138 
failed to protect a pig against a simulta 
neous challenge of ase Hinde virus 

6) Pig 2142, which was given the same 
contact exposure as 2144, survived for 229 
days. It also survived inoculations of Ast 
Hinde virus as follows: 2.0 ml. on pre day 
142, 60.0 ml. on day 158, and 500.0 ml. on 
day 190. Sixty to seventy-five milliliters 
of serum taken from 2142 on pe days 138, 
173, and 207 failed to protect susceptible 
virus imocula 
One milliliter 
from pig 2142 


pigs became 


simultaneous 
exposure 
taken 


pigs against 
tions or contact 


of undiluted serum 


on day 173 failed to neutralize 100 L.d.,, 
of Hinde virus after two hours at 20 C. im 


Pig 2142 was the second of 2 


first 


vilro 
which 
ing signs of Ast 

7) Pig 2249 became ill but survived for 
90 days after contact with 4 pigs 
died of The febrile 
reached a peak of 104.6 F. on pt 
the 


pips 


became carriers without show 


which 
reaction 
day 16 
exposure 


acute ASH 


Two other pigs same 


died on day 16 
®) Pig 2247 also sickened after the same 


contact exposure as 2249 but survived for 
119 days. A febrile reaction 
20 and reached a peak of 1065.0 F 


commenced 
on day 
It also survived for 69 days 
after an inoculation of 2.0 ml. of the South 
African Spencer strain of virulent ase vi 
rus on PE day 90. A control pig challenged 
with the South African virus died on day 
9 Fifty milliliters of pooled serums from 
2249 2247 day 40 

to protect a pig simultane 


on day 


pigs and taken on PI 


failed 
inoculation of 1.0 ml. of ast 


avainst 
ous 
virus 

In addition to the & there 
which could 
history of 1 of 


carrier pigs 
were 2 survivors in 
demonstrated A 


follows 


Viretnia 
not be 
these 

Pig 2129 showed no illness after contact 
which died of 
temperature of 104. 


pis 


exposure to 6 pigs acute 
but developed a 
on re day 6 and 104.4 F. on day 7 
remia check on day 36 negative, On 
day 48, pig 2129 


contact with a pig that died of acute ase 


Wis 


Was again exposed by 


D. E 


As a result of this second pig 
2129 sickened, showing a febrile peak of 


107.4 F. on day 10, and died on day 15 


exposure, 


Results with Inactivated African Swine 
Kever When 4 pigs which were 
vaccinated with the and 
aluminum hydroxide-adsorbed vaccines 
were challenged with ase virus, they sick 

m 
died hese 
inactivated ASF vaccines con 


findings of Walker® and De 


Vaccine 
crystal-violet 


ened typically and negative 
with 
the 
Kock ef al’ 
Clinial 
Kindings in African Swine Fever Carries 
l’igs.-As previously stated, all but 2 of 


the surviving carrier pigs showed febrile 


results 
firmed 


Observations and Postmortem 


reactions at irregular intervals throughout 
the Soft 
swellings developed over the leg joints in 


period of survival edematous 
most animals and under the mandible in J 
Some of the pigs showed stiffness 


The articular 


animal 
sur 
two to three weeks prior to death, cough 


when foreed to move 


faces appeared normal at necropsy 
ing and signs of pneumonia were present 

Death in the carriers appeared always 
with chronic 
ated by the virus and perhaps intensified 
The most char 
was a pro 
Adhesions 


to be associated lesions 
by the persisting infection 
acteristic finding at necropsy 
nounced chronic pericarditis 
of the pericardium to the heart and to the 
surrounding lung tissues were invariably 
A grayish white, gritty, caseous 
sometimes the 
No bacterial growth occurred 
material 


present 


exudate was found in peri 
cardial 
when this 
slants and in serum broth. The epicardium 
blanched DeKock et al. 


pericarditis as being 


sae 


cultured on agat 


Was 
WHS deseribed 
extensive a rather 


coustant feature of ASF carriers at nee 


ropss 
the lungs were almost com 


Extensive 


In 2 animals 
pletely 
of the lungs to the thoracic wall occurred 
Several milliliters of amber fluid 
the thoracic 
fluid found in 
Various degrees of 
In pig 
2093, the spleen was about twice the nor 
soft 


msolidated adhesions 
hundred 
often 
| p to Z 
the abdominal 
gastritis and enteritis were present 


Wiis present in cavity 
this 


cuvits 


liters of Was 


mal size and very 


DISCUSSION 
Although protective antibodies were ap 
parently present in the pigs 
2093 and 2117 shortly after they were first 


SCTUTNS of 
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_ex posed, no such antibodies were demon 


Anti- 
the 
serums of the other 5 pigs examined. Thus, 


methods used 


demonstrated in 


the 
never 


strated later by 
bodies were 


the antibody response, if seemed to 


be of short duration 


any, 
In contrast, viremia 
Aceord 


group 


became established and persisted 
ingly, ASF seems to fit into Francis 
1 of 
vhich 


diseases in 
but immu 
Concerning this group, 
The failure to respond to 


virus «liseases, virus 


virus infection persists 
does not 
rancis states, 
noculation of the same agent with a chain 
of reactions similar to that exhibited by 
the uninfected host is commonly called in 
fection immunity. It is scarcely immunity 
but a stage of tolerance to amounts of in 
insignificant 
the 


Krancis 


agent which 
in terms of the 
the 

provides a 


Pectious appear 


amount available in 
infected host 

further 
typical 


tissues of 
Classification point of 
differentiation of ast 
which fits 


which 


from hog 


cholera into his group virus 


diseases in and 
that 


possible, 


persists 
does not 


the 


persisting ASF 


evidence mndicates virus 


from limited 
that a 


established in 


It appears 
ork reported here 
infection must be domestic 
develops to re-ex 
Thus, 


often 


before resistance 


with Asi 


pigs 
posure instead 


of the 


avallist 


VIrts 


sterile immunity inducible 
there 


approaching the 


virus diseases, may be some 


thing more nearly pre 
munition which occurs in some of the pro 
tozoal blood diseases such 


cattle 


“as piroplasmosis 
Premunition 
Carrier it 


and anaplasmosis of 
depends on the 
fection which renders the 
reinfection. these 
seases, there appears to be no immunity 1 


persistence ota 
host resistant to 


two protozoal als 


the absence of carrier infeetion 
African 


infection i the 


swine fever, by exhibiting per 


sisting absence of demon 


strable protective antibodies, is not unique 


among virus diseases. Francis places the 


agents of the psittacosis-lymphogranuloma 


venereum group in his group 1 category 


Equine infectious anemia © and serum hep 
atitis ol 


further 
prove 


man” are additional examples and 
that 


the carrier fully 


resemble ASF in tests 
the blood of 
virulent for a susceptible 

Pig 2093, by 


reappearance of 


viremia 
mas 
host 

ana 


showing a remission 


viremia, presents an in 


teresting cHuse for conjecture Three pos 


sible explanations follow 
1) Pig 2093 have 
pletely free of virus 


may become eom 


and was rein 


CW 
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fected from continual contact 
which it was subjected If 


eXposure to 
were the 
case, the theory of infection immunity or 
premunition would be strengthened 


2) During the period of remission 


this 


the 
virus remained present in a tissue or tis 
sues and was later released from the focal 
areas the blood 

3) The initial production of protective 
antibodies may have even 
though they were undetected by the meth 
If true, it may be possible that 
at times the antibody production caused 
the viremia to be reduced to such a high 
dilution factor that virus was nol present 
in the small amount of blood injected into 
the susceptible pig 

The failure of pig 2129 to show illness 
after the first exposure 
resulted from innate 
the pig. Although it survived the first ex 
posure, viremia did not 
lished. When it was re-exposed by contact 
45 days later, 2129 sickened typically and 
died of acute asr. The experience 
this pig further supports the theory of in 


into stream 


continued 


ods used 


contact may have 


some resistance 


become estab 


with 


fection immunity in ASP. 
Walker * suggested that in Ast 
ist differences of virus strains, or of viru 


there ex 


He used this reasoning 
in an attempt to explain the breakdown in 
immunity in pigs later challenged with 
virus from a source other than that of the 
virus used in his simultaneous serum-virus 
immunization However, in the 
case of carrier pig 2247, no reaction fol 
lowed a challenge with the South African 
virus, even though the original exposure 
was to the Kenya Hinde virus. Recently, 
workers '° at Onderstepoort, South Africa, 
reported that a few which 
with egg-propagated as! 
were immune to the homologous virus but 
not to a strain of ASF 
the 
whether 


lence, or of both 


st udies 


pigs survived 


infection virus 
virus obtained from 
Belgian The 
different immunological 
strains of ASF exist will not be entirely 
until immunity tests 
more readily be conducted or until a sero 


Congo question as to 


types or 
resolved CTOSS can 
logical method of identifying the 
developed 

It is perhaps unwise to draw so 
inferences from the relatively 
reported here It 
that these 
made almost entirely on a single strain of 
ASF virus and that other strains may not 
behave similarly Since 


few r 


vations should be re 


membered observations were 


necessarily sur 
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Vivors to ASF are rare, it may be justifiable 
to report this work in an attempt to fur 
ther elucidate this complex problem 

little 
The 


from 


According to these observations 
can be added to Steyn’s statement 

fact that which 
an attack of virus 
the virus precludes the 
which contains live 
zation of pigs by 

the 


knowledge the only 


pigs have recovered 


disease | ASI harbour 
use of 
the immunt 

will 


Vaccine 
Virtis, 
this 
light of 
way 


means create 


‘carriers,’ In present 
of combating vi 
rus disease of pigs |Asr| is to slaughter all 


affected 
quarantine affected localities 


and in-contact animals to 


One additional warning should be made 
The %144 2142 


shows infections can 


experience with and 
that 
occur in domestic 
that could 


thereby establishing Asr as an enzootic dis 


pigs 
subclinical ast 
It would 


pigs appeal 


this also occur in nature 
in domestic 

Whether a 
against ASF cal be developed remains to be 
According to the theory 


here, such a 


pigs 


suitable live virus vaceine 


seen presented 
vaccine would have to induce 
a persisting infection in order to give pro 
If true, the problem of developing 
live 


tection 


& satisfactory attenuated Virus vac 


cine would be extremely complex 


SUMMARY 


1) Kight domestic pigs, which survived 
for periods of 86 to 456 days after African 
swine fever (ASF) exposures, showed a per 
which 
strated by subinoculating susceptible pigs 


sistence of viremia was demon 


”) Two of the & pigs showed a co-exist 
ence of viremia and cireulating antibodies 
Protective antibodies 


were demonstrated 


these 2 


after 


pigs 27 and 33 


the initial ex 


in the serums of 
respectively, 


but 


days, 


posure, demonstrated 


could not be 
thereafter although the viremia persisted 


3) Two of these domestic pigs showed 


‘SF viremia without showing clinical re 


action to the original exposure 


4), Domestic pigs, as well as wart hogs 


and bush pigs, may become carriers and 


potential spreaders of Ast 

5) Killed antigen vaecines failed to in 
duce immunity to ast 

6) Resistance to reinfection with Ast 
virus may depend on a persisting infection 
rather than on the persistence of circulat 


ing antibodies 
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A. Disease of Swine and Cattle Caused by Eating Moldy Corn 
11. Experimental Production with Pure Cultures of Molds 


JOSEPH E. BURNSIDE, Ph.D.; WILLIAM L. SIPPEL, V.M.D., Ph.D.; JOSEPH 
FORGACS, Ph.D.; WALTER T. CARLL, D.V.M.; MAX B. ATWOOD, D.V.M.; 
E. R. DOLL, D.V.M. 


Tifton, Georgia 


Burnside, 
literature and 


poisoning of 


IN AN EARLIER 
Atwood" the 
the occurrence of 
swine and cattle, caused by eating moldy 
corn, which occurred in the fall of 1952 
The results of the initial experimental 
work on this problem were presented Ad 
ditional have appeared dealing 
with Hieashi® 
toxic Penicillium isolated from stored rice 
Two toxic substances were reported to be 
Methanol extracts of the moldy 
from liquid cultures 
were equally toxic for rats. Oral adminis 
tration of the moldy 
intoxicating 


paper, Sippel, 


and reviewed 


described 


articles 


toxie molds reported a 


present 


rice and mycelium 


rice pe S¢ WAS also 


OF LITERATURI 


Gia jdusek * 
mvcotoxicoses 
Molds 


particularly 


Mayer called 
reported in ussia for Aa 
the 
sporotrichoide vere re 
The 
substances 
d after 

the 


thaw 


and attentior 
number 
years belonging to genus Fusarium, 
Fusarium 

most Russian 


that 


ported as the common cause 


workers found the toxie were pro 


duced in grain that was harvest« 
beneath the 
before 
The 


"OO 


remaining 


throughout winter Grain 
the spring 


toxic 


snow 


harvested was reportes 


be nontoxic substance 
be stable 


a four-year 


was reporte a 


up to and grain proved toxie after 
period. Where the 
cent of the grain 


cultured contained this mold, while in 


disease wus 


storage 


reported, » to 40 per saumples 
other areas, 
cent of 


reported to be the 


was found in only 2 to 8 


The 
fungus 


the fungus per 


soil was 


the grain cultured 


reservoir for this 


Various Russian workers * reported a correlation 


between the toxicity of such ind a loeal 


grain 
mal Disease Depar 
tion, Tifton 
Frederich 
Animal 
Dol 


reaction observed when ether extracts of the grain 


were shaved arena 


ipplied 
backs of rabbits. They also 


topieally, to 
mentioned moldy 
poisoning Fusarium 


qgramtinearum in mat 


well as other tox due to 


In this 


1COSES Stachybotrys at 


latter secomed be of less 


irll 
Aspergillus 


two importance 
isolated 


food 


country, ¢ have three 


species of from a ntrate 


vhich 


produced signa of hyperker 
Theme showed that an ether 

these molds, gilus cheval 


bovine 


vorkers extract 
{sper 
capable producing hyperemia 
skin of a 
that 0 


which a 


when applied 


topically to the rabbit or ealf Phe 


further showed ind 16.8 Ib. of teril 


bread, on pure culture 


ind’ four 


clavatu from 

perkeratos) 
free from | 
naphthalenes, Ether ¢ 
which this 


train of 
which 


reported to be 


{xperg 
pelleted feed, produces 


euttle ind ight 


chlorinated Ktracts of var 
ou substrates on mold wa 
rabbit imtib 
Bacillus btilis 


administered by 


grown 


showed dermal toxicity in terial 


aetivily against a strain of 


were toxie to mice when 


cutaneous, intraperitoneal, and oral routes 


dillus clavatus- inoculated corn produeed both 


and chronie intoxication when foree fed to «¢ 


Deaths were produced by 
md 11.5 Ib 


intoxication 


for at 


feeding 4. 

daily for 13 day 
produced by 
least da The weights of the 
not that 


six da Chron 


wus feeding | lb. dai 
inimatis 
were given Calves died suddenly 
1 clavatus and 1 
The 


testing of the 


fron 


toxicoss howed 


similar signs techniques for ehemis extrac 


tion and extract for antibacteri 


netivity ( x it discussed 
The mold corn poi 
ved ibout 


November 1953, 


Vere 
soning reported 


ignosed at this 


vine 


motd oni 
j 
time the mun 


ther 


thre 
Of this 
grow! ere toxie te culve mm 
da respective 
\ mil tI Ix) 
Is) gill jza negative 
view Forgaes and co-workers® reported tl tion 
= 4 
for 
Pla le \ Aug t 
ind the Departr ! 
4 ne y hor or 
It eur 
‘ tributior t Depart t of Disea 
‘ t sit t Stat Pul sented to tl borutor rt 
lent j tor cent ne the ‘ tie not 
The aut nt id ‘ I t 
rn t Carbondale ~ Fle in 
tock |} h ‘ For Leder | rat 
Pearl R Y.; Car t Ener ( METH 
On Rides Tener od la | tock 
Mariar I> iurtment of nima San of cor rt ng 


BuRNSIDE—SIPPEI 


These 


mortar 


the fall 
macerated separately by 
conditions, Each 
distilled 
solution agar and M yeophil agar, and 
4C, Thirteen cultures of fungi 
theme this procedure 


toxieoses had oecurred it 


mples were and 


pestle under aseptic sample was 


erially diluted in sterile water, 


plate ad 
on Czapek’ 
incubated at were 
from by 


nder our laboratory conditions, poisoning in 


feeding, via stomach 
gathered the field 
been reported It then 
the 
This 


pure 


could be produced by 


moldy eorn from where 


to creen 


beeame 
fungi 
the 


molds 


ted tox 
paper 


cultures of the 


jeit to 
ilts of 
thes 


ré ports 


feeding swine 
had 
whole gy 
of ¢ 


fter been grown on i ubstrate ot 


eort 
oft, corn elected for 

trate i the ty 

the affected 


maimmtained 


variety 


ub py of corn most 


ten umed by 


All 


olution 


eon 
tock Czapek’ 


Penicilliun 


culture 


except a speew of whiel 


on M 
the 


maintained eophil agar 
prepared by 
well ilated 


the 


Inoculum for corn was adding 


i loopful of spore from a lant 


spores to 500-ml 
Czapek’ 
Penicillium 
that the 
ised to 20 


for t 


mi, of a 
Erlenmeyer flasks 
broth 


or suspension of 
mil. of 
the 


except 


containing Loo 
Inoculum from 
the 
the 


cultures 


olution 


ims prepared in manner 


content of broth was inere 
Phe 


it 


Heron 


per cent were ineubated vO 


The overnight to 


often 


sonked 


mn tup water 
better heat 


cori Wis 


the kernels permit 


I he 
gul ‘ 
full or, 


placed in 


pene 


tration during autoclaving following morn 


drained and five, urboys were 


fourth 


ing, it wa 
filled 
Hush 

| 


when 
liter 
for 


possible 
Fernbach 


hour at 


about om 


lavers were 
These 
pore 
When 
oculated 
incubated at U6 ¢ 
il the 


were autoclaved one 
ure 
container whe itt 


the 
three 


ich 


the 
ihout 125 mil. of 


cool, corm in 


with inoculum ane 


for two to week 


haken 


ontaines were 


the 


vigorousl 
clumping of 

When the 
corm W 
74 \ drying 
ifficient As the final 
ifficientl that, in 


the 
it OO to 
uall 


yround 


ineubation period was completed, 


large drying oven 
period of 26 


the 


dried in a 
hours was u 
efep, corn wh 
fine so 
volume of 


iqueous suspension, it 


through a stomach tubs 


the 


could pau re 


Ohne finely ground mold 


ulded to 3 to volumes 


Thi 
ntal p pour 


idiministered to the experim 


t through a funnel attached to stomnel 


Phe 
ime om 


tablh 


iminoculated eort 


tho 


control pigs were fed 


After the 


fores 


routine 
feeding of 


cheek 


hed, 


omitted except 


the control 


The 


for 


for 


wit 
fooling mitinued 


ten to 


process was ¢ 
Blood 
t three 


vitamut \ 


imple were 
the 


writ, 


ORGACS 


globin value and the le ind ervthroevte 


counts and ieterus inde determined 


In addition, the temperatut ) ill were 


taken in the 


Hecropsics 


pigs 


morning and night Complete 


well as lo il examinations 


vere made on all 
Further 


lates 


toxicit 4 on the 
the as the 
inimals, The 

Myeophil 
When abundant gro 


water added to « 


iso 
from test 


cultured on 


Wiis prelimi 


nary maceration witl the fungus 


igar 


tissuc 


suspension was t isf o a Tenbroeck 


grindcr and ion 


suspens 
could 
Mice 


blunted 


pas rend 
gro ij 
then 


gauge 


(10 roximately 23 


eighing 


foree Ted 


per 
each, were syringe and 


needle were Miven 
the pr ef ! 
The 


eophil 


mil, of sion daily 


for six days or control 
agar 


fungi 


mice were given 0 l 


prepared in the in ! no 
had been eultured 


Penicillium-cort te was sent to 
Doll of the Univ 
Quantiti ing 
‘ , allowed to 


int ivel 


ind 


Ground 
Dr. H. R 
fed 
to 4 kg 
ind the 


total erythrocyte 


of Kentucky to 


900 Gm 
settle, 

The 
hemoglobin 
these 


to horses from 


were 


supernat horses 


ints, 


ikoevts 


values, and differential leukocyte counts of 


horses were determined during the feeding period 


methods of 
used Mold 


ten day 


In more reeent work, additional 


molds for toxicity | ( 
broth for 


Becton. Dickerson 


screening been 


isolates have been grown 


passed through 
(o.), and the 


with 0 il. of 


the 


embryonating eggs 
The eggs 
three days 
broth ws 


The 


inoculated filtrate.* 


observed for emb for 


A 10 per 
ised to 


dilution ein 


ibtil 


cent 
test for 
filter pad was placed on 100 " late in 
that on hile i ith k 
of EKacherichia col 
strenk of Mierocoes 
hibiting activity | 
sted further b 


filtrate int 


uctivit 


touched a 


feeding ¢ 


representative 
thre 


stuclies mold 


that 


Ispergillus 


Iso 


lates showed re 


flavus Link 


of the species 


vere 


representatlve 


ne, 


ding 
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pure cultures of mold to swine produced 
negative results, as measured by the eri 
teria used, except in two instances 

The first culture to toxic was a 
strain of A. flavus Link. When the first 
2 38 and 50 Ib.) had succumbed to 
the mold-corn substrate, 2 more pigs (40.0 
and 47.5 lb.) were fed the same substrate. 
The material was toxic to all 4 pigs (trials 
| and II, table 1). A second batch of sterile 
inoculated and the experiment 
repeated. In trial IIL (table 1), 2 of the 
$f pigs (97.0 and 44.5 Ib.) served as con 
trols. With one exception, the Aspergillus 
produced death in the 6 
after four to five 


prove 


pigs 


corn Was 


corn substrate 


experimental animals 
days 

The second culture that proved toxic was 
P. rubrum Stoll. The toxicity of the initial 
batch of the Penicillium-corn substrate 
trial |) was confirmed in trial Il. Due to 
the extreme toxicity of this mold, a series 
undertaken to approximate 


of trials was 


the minimum amount of the moldy sub 
strate that would prove toxic to swine 
mixtures of corn were prepared 
1.25, 2.5, 5.0, 10.0, and 20.0 
per cent of the Penicillium-corn substrate 
Each mixture was fed to 2 pigs. These 
results are summarized (trials IIIT-VII, 
table 2 

To further test the toxicity of IP’. rubrum 
Stoll, batch of 
This was toxie to a male 


Five 
that contained 


another sterile corn was 


inoculated goat 
(trial VIII 
(trial IX 


days in a cool, dry place 


was still toxic to a pig 


period of 61 


after a storage 


With the exception of vitamin A levels 


the measurements made on the blood sam 


were in the normal range and no 


ples 


TABLE 1 


n substrate 
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Three of 
the cultures represented by the species A 
flavus Link, that did not produce signs of 
poisoning, appeared to have a detrimental 
effect on plasma vitamin A levels, During 
the test period, these three cultures de 
creased the initial plasma vitamin A levels 
and 19 to 9, 6, and 


definite trends were established 


from averages of 32, 21, 
t y/100 ml. of plasma, respectively. The 
toxic strains of A. flavus Link and the 
rubrum Stoll produced death so quickly 
that vitamin <A 
determined 

When sublethal amounts of the Peni 
cillium-corn fed, the 
1.25 to 10.0 per cent mixtures, plasma vita 
min A 
trials, the average initial plasma vitamin 
A levels of the 2 pigs given the 1.25 to 5.0 


plasma levels were not 


substrate were 


levels tended to increase. In these 


per cent mixtures of Penicillium-corn sub 


strate increased from 35 to 46 y of vitamin 
A per 100 ml. of plasma. The 
A level of the 2 pigs given the 10 
per cent from 19 
to 46 y of vitamin A per 100 mil. of plasma 

At various times during the 


average 
Vitamin 
mixture also increased, 


entire 


periment, an increase in’ temperature of 
to 
the animals 


acteristic of any particular mold substrate 


4 degrees occurred nm some of 


These increases were not char 


nor Was a temperature pattern formed 
The experiment with mice confirmed the 

of the 

that all mice remained normal except the 


results experiment with swine in 
groups which were given the two cultures 
that proved toxic to swine, te¢., P. rubrum 
Stoll and the toxic strain of A 

The these 
depressed at the end of 24 hours and some 
[by the end of 


flavus Link 


mice in two became 


died during the second day 


Results of Feeding Aspergillus Flavus-Corn Substrate to Swine 


t la lowe for ta 
leat! f 
64 th da t f 
i t 
‘ ‘ 
} ' trat i i ith da rd t 
i la rd t 
t t i t la it t 
i 
‘ 4 th da it oF ‘ lin f 
nd ndit 
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the sixth day, all of the mice in each lot 
were dead. The mice that alive 
on the third and fourth day, in addition 
the 


remained 


to being depressed, showed atony of 


muscles, debilitation, and dehydration 
The 4 supernatant fluid 

from water the ground 
Penicillium-corn substrate died in 34 hours 


horses given 


SUSPCTISIOTIS of 


to 1] day 5, depending on the dose adminis 
tered tuble 3 The total varied 
between 3 and 5 ke. of Penicillium-corn 
substrate from which the supernatant fluid 
The erythrocyte and leukocyte 


dose 


was taken 
counts, hemoglobin values, and differential 
leukocyte counts remained normal during 
the trial 

Only 
trials 


found toxie in feeding 
the embryonating 
egg-inoculation or bacterial growth-inhi 
bition Penicillium Stoll 
killed the chicken embryos and inhibited 


yrowth of the Mierococcus. The toxic strain 


the molds 


proved toxic in 


tests rubrum 


TABLE 2 


Daily dose 


oz.) 


P. rubrum-corn aub 


atrate 


P. rubrum-corn sub 


orn 


Mixture of « 


tainin 
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of A. flavus prevented the growth of B 


subtilis in broth 


Gross Necrorsy Lesions 


Sub 


were 


Swine: Aspergillus Flavus-Corn 
The 
those 


Carcass 


strate lesions in these pigs 
field 
icteric and 
fluid in 


Subcutaneous 


similar to observed in 


The 


Was 


Cases 
there 

the 

hemor 


entire 
usually 


was 
a yellow-orange 
peritoneal cavity 
from 2 to 7 em. in di 


found in the inguinal 


rhages, varying 
ameter, were usually 
and axillary Spaces The lymph nodes were 
swollen, edematous, and 


moderately con 


gested In some nodes, the congestion was 
peripheral. The liver changes varied con 
siderably. Some livers were yellow, more 
cirrhotic, and Others 
dark, and with 
irregular hemorrhagic areas, and were nor 
mal in 


or less shrunken 


were swollen, congested, 


consistency or contained areas of 


cirrhosis. Dilated capillaries were seen on 


with Penicillium Rubrum Stoll-Corn Substrate 


Total dose 


(oz.) 
P. rub 
rum-corn Time of 


substrate death of poisoning 


16.0 24 he toth pigs 
frothing at 
lapsed if 


lethargic throughout 


mouth, braced 


16.0 gainst wa made 


minutes after dosing both 
frothing 


were salivating 
d chomping teeth; the 


second 
ir, heads pressed against pen 


moved in a hesitant and bellig 


erent manner sixth hour con 
lition ime as second hour ner 
ond a remaining pig icteri 
on ven 


1 after 


Trial pig — days 
10.0 4.0 1.0 
1.0 “ 4.0 1.0 
is he to me 
— 5.0 0 1.0 4.0 Lessthan 1 
trate ls hr I 
th 12.0 Les han 
i 6 her 
tra irfa te 
leat 
11 1—Mixture of corn cor 15 
taining | oP 
Mixture of corr i 4 1.2 
tainir /’ 
ibatrate we ¢ 12 
Mixture of corn cor : | 
taining 
m corn substrat i ! 
tainir ) P hy i a red ' rythema fror 
m-cort ibstrat 4 I hat 
Vi Po rut mocort Mia l 1 Le thar ) 
trate at 18 he 
P. rub mocorr il if “ l 16.0 Less thar i a ‘ ind a red 
trate stored for 6 Im} t ‘ te 
la noo ir ntra ace rior t 
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both surfaces of the spleen. There were 
areas Of congestion on the capsular surface 
of the kidneys of some animals. The kid 
neys and there were linear 
hemorrhages on the pyramids. The stomach 
distended with feed and the 
pyloric and part of the 


were swollen 
was usually 
mucosa of the 
hemorrhagic 
irregular 


fundie regions were usually 
In some animals there 
patches of hemorrhage in the jejunal and 
ileal portions of the small intestine and in 


were 


the cecum and colon, resulting in the 
blood In others, ther 
only a catarrhal enteritis. There were dif 
fuse 


pas 


free Was 


sage of 
hemorrhages on the endocardium of 
both 
Swine: Penicillium 
Death occurred quickly in 
pigs, and lesions were confined to conges 
tion of most tissues and an intense inflam 
matory reaction in the stomach. The fundie 
and pylorie portions of the stomach were 
hemorrhagic and covered with a copious 
Catarrhal enteritis was usually 


one or ventricles. 
Sub 


these 


Rubrum-Corn 


strate 


mucus 

present. 
Mice: Agar-Fungal 

gestion was Observed in the stomach, small 


Suspension Con 
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intestine, and lungs. A general icterus and 


clay color of the liver and kidneys were 


also evident. 
Horse 


Supernatant Fluids 


Penicillium Rubrum-Corn 
Ilemorrhages, vary 
ing in size from petechiae to ecchymoses 
in diameter, were the outstanding 
found These 


most frequent in the parietal and visceral 


mm 
lesions hemorrhages were 
pleura and on the pericardium and surface 
of the Petechiae 
were and 


adjacent large vessels 


also seen in the 


peritoneum 


were seen more 


mesentery Hemorrhages 
frequently on the cecum and colon than on 
intestine and were especially 
marked The 


lining of the stomach was moderately to 


the small 
along the 


eecocolie vessels 


hemorrhagic, especially in the 
The mucosa of the small 
pete 


intensely 
pyloric portion 
catarrhal with many 
chial, and a few large, hemorrhages in 
some animals. The wall of the cecum was 
slightly edematous in 1 animal 
Pale streaks were seen in the 
dium which often gave it a ‘‘herringbone’’ 
The skeletal musculature was 
yellow-brown. Most of 


intestine Was 


myocar- 


appearance 
pale to yellow or 


TABLE 3—Results of Feeding Horses with Penicillium Rubrum-Corn Supernatant Fluids 


No. of 
Sex and days 


wt. (Ib.) Daily dose dosed 


supernatant 
fluid from 4 
of P. rubr 


ipernatant fluid 
from 500 Gm. of 
rubrum-corn 


substrate 


Total 
dosage of 
P. rubrum 

corn 


substrate 
4.0 kg 


m, incoordina 


spasma head 


Tria Time of 
Ne leat Time of tand signs 
n 
hr., depr 
hetrate tion and 
pressed sinet 
hr., rhythe or 
t to 4 nd terva 
r leat! 
th da sund f ra and 
ith d diarrhea 
la ley ciation 
ippeared t na 
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netiva st 
sale, 1 f pe i i da snore ter era 
tant fluid ff and tior njunctiva 
repeated tir ot iv te 
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” ri 
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poisoned 
The kid 
neys were congested and swollen, with pe 
Hemor 


the endocardium of the acutely 
animal was deeply hemorrhagic 
techiae on the cortical surface 
rhages on the spleen varied from petechiae 
to large ecchymoses. Hemorrhages in the 
adrenal glands extended varying distances 
the medulla 


from the surface toward 


Th 


fected was a greenish grey and was mark 


liver of the horse most acutely in 


with petechiae scattered 


The livers of other animals varied 


edly congested, 
over it 
from yellow to brownish yellow, with pe 
The cut surface 


pom 
rhe 


varying degrees 


techiae under the capsule 


presented a “‘nutmeg’” appearance 


earcusses were in 


in all but the acutely affected horse 
The brain and spinal cord were markedly 


congested and edematous No areas of 


liquefaction were found in the brain 


Swine Aspergiulus Flavus-Corn Sub 
The outstanding 
the tissues of the 
flavus was acute hepatitis All 
had 
rhaves involving all but the periphery of 
the lobules. Normal hepatic 


practically The cells appeared as 


strate change seen mn 


experimental animals 
given 
livers extensive hemor 


except one 


cells were 
absent 
reticular outlines, necrotic, or showed 
fatty 

cloudy swelling 


miere 
degeneration or advanced 


The nucler of the hepatic 


marked 


cells were missing entirely, pyknotie 


swollen 
The 


lvinphocytes and a 


and hyperchromatic, or with hy 


dropr deveneration hemorrhagic 


areas contaimmed many 
few neutrophils, Kupfer’s cells were prom 
throughout the There 


hematoxylin and 


nent lobules were 


humerous pink-staining 
hvalin-like bodies 


cytoplasm of 


These 


mere specks to objects 


degenerating cells 


from 


hepatic 
varied in size 
about six times the size of an erythrocyte 
bodies appeared to be 


They stained 


In some cells, these 
forming from the cytoplasm 
pink with Mallory’s phloxine-hyalin stain 
Kat stains revealed large amounts of fat in 
the damaged hepatic cells. The picture was 
that of acute, diffuse hepatic necrosis 
The epithelium of the convoluted tubules 
of the kidneys was moderately damaged 
The 
the cytoplasm of the cells revealed albu 
Microscopic 


nuclei of some cells were missing and 


minous degeneration lesions 


in other organs were not observed con 


sistently 
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Sub 


acute 


Rubrum-Corn 


from 


Swine: Penicillium 


strate The lesions resulting 


poisoning with this mold were most promi 


nent in the liver and kidney. The lesions 
in the liver varied widely in severity while 
those in the kidney were more uniform. 
rhere 
the severity of the 
time interval from the first dose of moldy 
until death, but no such 


with liver 


was a direct correlation between 


kidney lesions and the 
corn correlation 


existed regard to the lesions 


Changes seen in the liver varied from 


slight 
cytoplasmic granularity 


nuclear degeneration, and 


ot the peripheral 


swelling, 


cells to marked centrolobular necrosis 


There 


patic 


vacuolization of he 
Sudan IV 
negative for 


midzonal 
other 
stains of all liver 


was 
cells in sections 
sections were 
fat. The changes in the liver were those of 
slight to 

In the kidneys the proximal convoluted 
tubules were the site of the 
These varied from marked cloudy 
in about 12 


moderate, itoxicative hepatitis 


most marked 
changes 
swelling, in animals that died 
hours, to necrosis of the cells, many ot 
dying 
dilated in 


kidneys. In the cases 


which were desquamated in those 


The 


some areas in a Tew 


in 36 hours tubules were 
of longer standing, the epithelium of the 
distal had albumi 
nous degeneration, necrosis of a few cells, 
and the desqua 
mated epithelial cells 
the tubule 

The capillaries the 


vhere in the 


and collecting tubules 


lumens contained many 


from higher up in 
tufts 


orvah were 


glomerular 
and the vessels els 
There 


amorphous material 


congested were collections of an 
n Bowman's space in 
some of the glomeruli 

The 
severe nephrosis 

Vice: 
liver 
tion of the 
nondese ript 


lesions were those of moderate-to 


The 


vacuoliza 


Agar-Fungal Suspension 
focal 


cells 


showed Hecrosis and 
which contained 
bodies that 


stain The 


pleo 
morphic, stained 
red with Giemsa’s 
dilation of the 


amorphous tubular casts 


kidneys 


showed collecting tubules, 
and HeCCrOSIS of 
the epithelium of the collecting tubules 
Hlemorrhages were observed in the medul 
lary region of the 


Horses: 


Supernatant 


kidneys 
Pi nicilliwm Rubrum 


Fluids The 


were most sé re in the kid 


histopathologi 
cal changes 


neyvs, livers, central nervous 


systems, 


stomachs, and adrenal glands Those Ih 


the livers and kidneys were similar to, but 


more severe than those seen in swine 


#22 
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sections of the cerebellum 


In 
were exiensively hemorrhagic and edema 
m 

rhe 


molecular layer appeared to have numer 


tous and some areas were necrotic 


ous slits due to vessels that were originally 
dilated being shrunken by fixation. (Signs 


of mania shown by the horses were evi 


dently 
congestion and hemorrhages 


meningeal 


No areas of 


caused by the marked 
liquefaction were found 
Congestion and hemorrhage in the adre 
nals extended from the capsule into the 
arcuata and the that lived 1] 
days had thrombosed vessels in the me 
dulla There 
necrosis of the cells in the zona fasciculata 


zona horse 


was some hemorrhage and 


and zona reticularis 


The stomachs had lost most of their mu 
cosae and the submucosae were edematous 


The 


present to a lesser extent in other parts of 


and congested same changes were 
the digestive tract 

The lesions were those of acute nephritis, 
vascular congestion, with 


hepatitis, and 


SOTHE hemorrhages elsewhere itt the body 


DISCUSSION 


Molds have long been suspected of being 
the cause of various troubles in livestock.! 
However, of 13 fungi representing various 
genera and species, isolated from samples 
of corn collected in fields where swine died, 
only two were toxic, when given in 
This that 


numbers of molds in a feed or 


even 


massive doses would indicate 
finding large 
feed 
nify toxicity 


found to be toxic, or 


Ingredient does not necessarily” sig 


Even if one of the two molds 
other 


are recovered from a feed sample 


molds known to 
be toxie 
they must be present in sufficient quantity 
to animals 
of the 
well as the 
personal 


for a given fe toxie 
Because of the 


two 


d prove 
extreme tox 


molds reported here 


intormation provided by com 


munications with other research groups 


and unpublished data from this station, it 


vould seem that a new empha is should be 


placed on studies dealing with 1 molds 

With th 
Vitamin <A 
the blood analyses reveal id 


ould be of 


an acute 


waible exce ption of the plasma 
mdex 
that 


diagno Is 


value and th 


he Ip a laboratory 


mold toxice In our ex 


ce, mold poisoning must be 


from the history, elinical 
‘ 


A dete 


lesions If pros 


histological 


pected feed should be gi 
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trolled conditions, to animals of the species 
involved in field occurrences of poisoning 
When time and facilities are available, the 
and 
tests by 


molds should be isolated identified 
Four 
toxieity of molds may be 


been des ribed l 


which the 
have 
feeding cultures grown 


methods or 
determined 


on various substrates to experimental ani 


mals; (2) dermal reactions caused by mold 


extracts; o the determination of the 


culture filtrates embryo 
and 


culture 


toxicity ol 


nating antibacterial tests 


with 


mold filtrates on selected 

The danger of using a fixed, arbitrarily 
time of growth for testing growth 
mold cultures 
Waksman 
the antibiotic as well as the tox1 


level of 


Species 


chosen 
mia 
that 


substance 


products ot has been 


cated by who has shown 


mold cultures varies with different 


and with the age of the culture 


Kor eritical study, the above observations 


should be made at frequent intervals dur 


ing the course of growth of the molds in 
question 

Only one type of corn was Us d as a sub 
strate in these experiments. Small amounts 
of mold 


observed on other 


soft hard, but 


growth wer 


varieties of corn, both and 


little poisoning resulted from feeding these 
1953. 


diagnosed clinically in 


varieties. In mold poisoning was 
eating hard, 
indicating that the 
problem is not confined solely to soft corn 
that 


hows 


5 ellow, hy brid corn, 


However, field observations indicated 
the molds 
such as used as the 

that 
Wis 


grew more often on the 


corn substrate in these 


experiments, and swine would eat 


other 
ence to moldy eorn 


corn, if it available, prefer 


Experiments with 
strain of A 


varieties of 


Stoll 


rubrum the 


flavus Link on other corm have 
not been attempted 
indicate that 


produced hy 


The information available 


substances mold ure 


and could 
inerense due to ewrowth of the 


Llow: ! po ible that meta 


relative ly table in 
continued 
mold 
boli 


) 


and indica 


more 


fed over 

to produce the des 
kee ption ] pi 
produce te poison 


Th 


tir 
The data tab 
. mold Approximately 7 Ib. of the Asper 
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lethal dose was not determined; however, 
% oz. caused the death of 1 pig in less than 
15 hours. 

The fact that 30 oz. of the Penicillium 
corn substrate did not produce death, when 
fed over a 12.5-day period, indicates that 
the liver is able to detoxify small amounts 
of this toxin over a period of time. A 
‘threshold effect’’ could also be operative, 
in that partial excretion of the toxic sub 
would not allow a sufficient 
‘build up’’ with this particular dosage 
level and time interval. Apparently, the 
dose of the substrate required to produce 


stance pe Yr 


acute poisoning in swine is less than & to 
12 oz. The equivalent of 8 oz. of the ex 
perimental mold could readily 
be consumed in a day by a pig while eat 
ing moldy corn in the field. Deaths occur 
three to 14 days after the have 
been turned field, beginning on 
about the sixth day 

The 24 02 
that proved toxie to the goat 


substrate 


animals 
mto a 


of Penicillium-corn substrate 
is probably 
The 


depressed when the see 


in excess of the minimum lethal dose 
animal was 
12 02 

The acute toxic dose of the 


very 
ond was administered 

Penicillium 
corn substrate for horses appears to be 
about 4 kg 


period in the form of supernatant fluids 


when given over a one-day 
When approximately the same dosage was 
viven in smaller increments, death 
curred in five to 11 days instead of 34 
This that the 
terial, whether it is in the spores or corn 
substrate, is water soluble 


Further work 


hours indicates toxic ma 


needs to be done with 


standardized corn substrate to establish a 
minimum lethal dose for these two toxie 
molds 
SUMMARY 
1) Thirteen cultures of mold were re 
covered from corn found in fields where 


hogs were dying. Two of the 13 cultures 
proved toxic when grown in a pure culture 
on autoclaved corn which was then dried, 


ground, and fed to swine 
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2) The toxie molds have been identified 
as Penicillium Stoll and a strain 
of Aspergillus flavus Link 

3) Of the remaining 11 cultures, all of 
which were nontoxic, eight were strains of 
A. flavus Link and three were Fusarium 


moniliforme. 


rubrum 


1) Experimental poisoning was pro 
duced in swine and mice with the toxie 
A. flavus Link and with P. rubrum Stoll 


A goat and 4 horses were poisoned with 
P. rubrum Stoll 

5) The toxicity of the 
strates was unchanged by heating to 60 to 
dry place for 61 days 

6) The toxic 
vrowth of 
dried 
supernatant 


mold-corn sub 


for 26 hours. or by storage in a cool. 
principle formed by the 
Stoll on 
present in the 
extract, which 


rubrum ground, 


corn Was aqueous 


was toxic for 
horses 
7) The 


duced by the toxic 


gross histological lesions 


pro 


molds are deseribed 
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Poisoning by Sodium Salt — A Cause of Eosinophilic 
Meningoencephalitis in Swine 


D. L. T. SMITH, D.V.M., Ph.D. 


Ithaca, New York 


ACCOUNTS of a clinical syndrome 


MANY 
associated with the inclusion of excess salt 
in the diet of pigs, either accidentally or 


through ignorance, have appeared in the 
literature 
relationship, 
duce the characteristic clinical picture ex 


In spite of this apparent causal 


numerous attempts to pro 


perimentally have been unsuccessful.” 


Rasenack fed sodium chloride mixed with fish 
meal to pigs, 2 of which developed signs of salt 
poisoning Moore produced a disense with neuro 


logical signs by feeding powdered soap containing 


up to 909.0 per cent sodium carbonate Recently, 


Bohstedt and Grummer have induced signs in 


increasing the sodium chloride (NACI) and 


intake 


pigs by 


water 


reducing the 


In the been 


past, salt poisoning in swine has 


diagnosed elinieall on the basis of a history of 


increased salt intake and the signs manifested by 
the anin Often, no significant change eould 
be demonstrated at necropsy. Reference + mack 
to xg troenteritis but the stomach ima tine 

ere often horm The stomach content fre 
quently failed to demonstrate an exe of sodium 
salts Macroscopically, the brain wa leseribed 


is being edematous and congested, Prior to pre 


liminary reports of the present study, 


examination of the brain in this disease has 


not been reported. Hjarre,” Olafson,” and Meln 
tosh and Smith” observed an encephalitis in pigs 
characterized by infiltration of eosinophils into the 
meninges and perivascular Ijarre and 


field cases with 


Michalka 


Olafson associated certain of these 
the feeding of brine or salted fish meal 
Phordal- Chris 


and, recently, Larson, Moller, and 
tensen,” and Yamagiwa™ have deseribed eosino 
philie meningoencephalitis pigs 


The present paper is an account of studies which 
were instituted in the fall of 
to ] 


tally; (2 ! 


1951 in an attempt 
produce salt poisoning in pigs experimen 


cord the elinieal manifestations of 


the disease study the gross and microscopic 


pathological changes of the disease in an effort to 


et diagnosis possible nd 4) determine 
the pathogenesis of the eondition 

t tate Veterir ‘ 
t t . t ndensat att 
tted im t fulfills t ft ‘ 
ments f t I Dba 

mitt t Departi t Vat 
und) acter Ontar eteripa Giuelpt 

rhe a it to Dr. Peter Olafsor 

he tained terest made tl er of it tivation 

The flar photomet determination per 
formed { im nyer and Dr W of t 
Ontar Vet ‘ Their a tar 


MATERIAI MeTHO! GENERAI 


and type of 
The basi 


pigs used are given in 


each experiment rations, except where 


otherwise indicated, were regular commercial pig 
feeds designated ind 

Ration consisted of wheat, screenings, corn, 
outs, barley, alfalt meal, meat serap ground 
limestone ind Nacl 

Ration # consisted of dehydrated meals of cereal 
grass and Ilfalfa, bone meal, tankage, linseed oil 
enke meal or ovbean oil meal, meat meal, lime 
stone, defluorinated phosphate, manganese sulfate 
iron sulfate, rodized ilt irradiated plant 
sterol (vitamin tf fortified vitamin and p oil 
cobalt ulfate, distillers oluble burl 
outs, h t brat heat hort vhent creen 
ings, Vitamin By, and antibioti upplement 

Blood were taken from the interio 


weording to the technique outlined | 


vena cava 
Hoerlein, Hubbard, and Gett Chloride in the 
blood tream was determined b the method f 
Schule ind Sehat Calcium vere ol 
tained according to tl method of Clart ind Co 
liy In experiment 1 to 5, inelu ‘ of 
odium in the serum were obtained b the eolor 


the 


levels of the 


metric method of Stone ind 


rest of the experiments, the odiun 


and potassium in the 
the flame 


blood were eatablished t 


method Urine chloride w 


photome trie 
Fantus 


method 


determined semiquantitatively by the 


method,” and urine sodium according to the 


of Goldzicher and Stone Kandolph technique 
was used for the 


blood 


differential 


enumeration of eosinophils im the 


Hemoglobin determination ind total and 


counts of leukocyte were earried out 


wccording to the standard techniques, Kuthanasia 


pentobarbital sodium ane 


Perfusion of the 


was accomplished with 


thesia and exsanguination brain 


through the earotid arteries was employed in 


few instances however rapid fixation wa ol 


tained by removing the brain immediately, cutting 


the body of the eorpus eallosum, and 


12? hours It was 


formation ind 


placing the 


brain in pure formalin for then 


removed from the ections taker 


The remainder of the brain was placed in 10 per 
eent buffered formo line solution rozen 
tier ere from the fixed tissue her 
otherwise ndieated for the special stain ectiol 
ere prepared | the standard paraffin embedding 
technique eut t approximately © mounted 
ecerated, earried back to iter ima thes tained 
th hematoxylin and eosin 

Special stains emplo ol were searlet red Sudan 
I for fat Mallory phosphotungstic acid hema 
tox n as modified for formalin-fixed material for 


myelit nd gliosi Mallors blue 


conte 


426 


en stain (1956 Cresyl violet for Niss! gran 

Penfield’s modification of Hortega’s method 

for microglia and oligodendroglia, Penfield,” and 

vou Kossa technique for demonstrating inor 
! moter 


EXPERIMENTAL Procepurt 


It was 


ERIMENT 1] 
alted fish 
of the 


wined to the 


decided to feed and 


because: (a) many reports in 


the literature per feeding of 
pickling brine and salted fishmeal! h) at 


tempts to reproduce the classical neurolog) 


cal syndrome by the addition of salt alone 


to the diet had invariably failed 


Valerial and Welhod I} | 
Yorkshire pigs, 2 males and 1 female, designated 

ind c, which were u in this experiment 
were fed part of a barrel of commercial mackerel 
in brine 

One of the male pigs \) was penned and fed 
separate! ind was given inereasing amounts of 
the tilted fish and brine mixed with basie ration 
Morse was added later Phe immounts of 
mackers brine, and salt were incerenseG rapidly 


is tolerated by the pig until day 29 when it wi 


consuming 2o0 Gam, of fish, 400 ml f ne ind 
100 Gm. of pure ipprox Cim./da 
Water as given ad libitum for the firet thr 
then only in amounts nece il to get the 
pig to cut his daily quota of salt feed Blood 
studies were made at interva 
The control pigs, & and c, were fed the same 
basal ration as pig A but in larger amount All 


weighed periodieall 
third 
started 


pigs were 

Resulls.On_ the 
high salt 
given ad libitum), pig A had a profuse diar 
rhea When the water 
stricted, the 
Thereafter, the pig 
food 
water given so that 
of salted feed 
periment, if 


after the 
with 


day 
Wis 
intake was re 


feces became dry and firm 


regulated its consump 
according to the amount of 
with the higher 
end of the « 


necessary to give all the 


tion of 
dosag 
toward the 
Wiis 
water it could drink several times per day 
Shivering, treading, tenesmus, salivation 
and passage of flatus followed consumption 
amounts of cold water, Pol 


of large 


polyuria, pruritus, and hyperesthesia wet 
constantly exhibited by pig a Phe stun 
vith ex 

Other than a slightly 


about 


became dry and 
cessive exfoliation 
increased irritability 
the ninth day there 
table 

During the test pig A hac 


velght from 12.2 ky. to 21 


were no sigus attribu 
to the central nervous svstem 
ed 


strom 
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12.5 kv. to 20.0 kg from 11.0 keg 
to 19.0 kg 


The eosinophil and total 


and pig 


and differential 


leukocyie count hemoglobin determina 
tions, and serum calcium levels were not 

gniificantls different in the test and con 
trol pigs. The serum chloride level was 


high of 126.5 


lay 22 


significantly increased to a 
my. per liter on feeding 

Discussion The gradual increase in the 
alted fish, brine, and Nacl content of the 
feed, even to high level didt not 


alt porlsoning 


result im 


there was the possibility that the bring 
and salted fish did not contain the 


believed 


VOUS vyndrome or 


foXins o1 
respon ible for the net 
that the 


which we were 


clinical and 
pathological picture trying 
to correlate with the feeding of salt was an 
allergic phenomenon since It Was associated 


with the infiltration of eo inophils into the 


brain. It was postulated that, in the pres 
ence of excessive dietat alt, certain aller 
genie polypeptides from the fish or brine 
would be absorbed A suggestion that 


degradation products of Ascaris lumbri 


allergenic 
devel 


known to be extremel 
Vaughn 

opment of the 
conside red 


Cordes, 
were involved in the 


hypersensitivity was also 


EXPERIMENT 2 


The hypothesis of an allergic mechanism 


was examined, since many investigators 
had failed to produce the syndrome by 
imply feeding excess salt 
Vaterials and Meth Phe 
previous experiment were used Pig 
sted for 20 hours nd then g 
ty of feed consisting of salted 
on mackere brine 600 n 
() i tota of ipproxim 
iti itt (am of i 
Phe following da (im. of f 
laca lumbrico from tl 
were ground witl 
pestle, mixed wit! 
nto ti 
After | 
nd ther f t 
r brine Sf 
nd | ( 
nd added t 
vithir } 
eated three tin 
tl 100 Gram, of 
The 3 pigs g1 rank 18 lit 
Hlemog bit j 
‘ nts i 


AND RESUL' 
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Fig. 1—Dark-staining angular neurones (arrows) 
in cerebral cortex of pig A; x 500. 


sodium levels were 
days 1, 2, and 4 
Results All 3 pigs appeared normal at 
noon on feeding day 7 and pigs & 
continued so, but at 1:15 p.m., pig a 
on its left side, unable to rise, with limbs 
extended minutes 
later, it with the 
movement of rapid running, twitching its 
facial muscles, blinking rapidly, and nys 
When the running 
movements ceased, profuse salivation oc 
curred and deep red, sharply demarcated 
the abdomen ap 


established in pig A, on illnes 


and 
Was 
and quivering. few 


commenced paddling 


tagmus was observed 


maculae in the skin of 
peared suddenly, remained for 20 to 30 
then Flexor 
crossed extensor reflexes were exaggerated 
When placed on its feet, the pig was in 


seconds, disappeared. and 


coordinate and tended to staygyver backward 


and fall. Following the attack, its tem 
perature was 33.9 ¢., pulse and respiration 
rates, 100 per minute. The blood serum 


sodium level was increased and the eosine 
phil count in the blood dropped from 354 
to 16 per cubie millimeter 

The 


occasional paddling, twitching, and saliva 


remained on its right side with 


tion interrupting extended periods of com 
parative quiet 


POISONING IN SWINE SZ 


A second attack, similar to the first but 
more violent, at &:00 pom 
lasted for Involuntary 
twitching of the head and paddling pet 
30 p.m. The pulse rate was 
150; the temperature 40.3 ¢ 
2, a state of complete relaxation 
Was punctuated at irregular 
seizures with twitching of the facial mus 
cles, paddling, and nystagmus followed by 
rigidity 
arrest 


occurred an 


several minutes 
sisted until & 
On day 


intervals by 


Respiratory 
with 


and 
and 
the rigidity 
were 


opisthotonos, 
CVanosis associated 
The 
except 
and the 
throughout the lay 


were 
pulse ana 
when 


temperature 


respiration 


normal, increased dut 


Ing attacks, was 
to 40 ¢ 

The animal did not respond consciously 
to external llowever, 


flexes could be elicited readily 


stimuli spinal re 


and wer 
considered to be slightly exaggerated 


At 4 


into 


00 p.m., when its nose was pushed 
attempt te 


drink and water poured into its mouth ran 


water, the pig made no 


into the trachea, producing rattling rales 


side during the day to prevent 


but no coughing animal turned 


from side to 


Wiis 


hiv postat congestion 


On day 3, there were two mild attacks 


but toward evening, the pig manifested a 


degree of COLSCLOLISTIOSS by a“ 


movement of 


Fig. 2—Eosinophils surrounding blood vessel of 
pig A; x 500. 


2 
~ f . 
> 
a! 
{ \ 


D. L. T. 


the head or limb nearest to the site of a 
slap. Food and water were ignored 
On the morning of day 4 the pig 
on its feet, shakily walking, sniffing, 
rooting in the straw. Its extreme nervous 
sound 


was 
and 
with sudden tenseness at any 
or contact, could be accounted for in part 
by the fact that it was blind. Although it 
appeared to be searching for food or water, 
both were avoided when its nose was placed 
At 2 p.m. the pig was killed 

Kindings The 
The brain, spinal cord 


in them 

Vecropsy CUArCASS Wiis 
dehydrated 
all other organs appeared normal 


The only 


and 
Vir roscopee Kramination siv 
nificant changes were in the cerebrum 
the overlying meninges. Many neurones in 
sections of the frontal dark, 
angular, and shrunken fre 
blended with, 
indistinguishable from, the 
(fig. 1). The 


and 
area were 
The 


and in 


nucleus 
quently some in 
stances 
darkly staining cytoplasm 
remainder of the cortex showed similar 
nonspecific degenerative The 
capillaries in, and the meninges covering, 
the cortex of the occipital and temporal 
lobes were infiltrated with eosinophils 
Many of the capillaries had only a few of 
these cells about them while others, usually 


Wis 


changes 


3—Meninges and perivascular space heavily 
The concentration of 
characteristic. 


Fig. 

infiltrated with eosinophils. 

cells in the tip of the sulcus is 
Pig A; x 120 
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Fig. 4—Ulcers in the gastric mucosa of a salt 
poisoned pig. Pig B; x 500 


closer to the surface, were entirely sur 
rounded by one or two rows (fig. 2). A 
few round cells were also in evidence and 
the endothelial cells of the vessel walls 
were swollen and vesicular. In the men- 
inges, the eosinophils tended to be con- 
centrated in the depths of the sulci (fig. 3) 
Diseussion..-The sudden drop in eosino 
phil levels is a typical response to stress 
associated with the release of steroid hor- 
mones from the adrenal cortex.®* 
Although a characteristic clinical 
drome with eosinophilic 


syn 
associated men 
ingoencephalitis had been produced, it was 
not possible to determine which constituent 
of the diet was responsible. The theory of 
a sensitivity was considered unlikely as the 
animal did not show any 
days after re-exposure to the diet contain 


signs until seven 


ing the ground asearids, fish, brine, and 
large amounts of salt 


EXPERIMENT 3 


Since the diet 
plex, it was simplified, progressively, in the 
hope that the causal factor would become 
apparent. 
INnNOCUOUS as It was a widely used commer 
cial feed. Since experiment indieated 
that a pig fed gradually increasing amounts 
of salt 
higher levels, the basie ration plus a large 


In experiment was com 


Basic ration A was considered 


could develop a tolerance to the 


amount of salt was fed initially 
Vaterials and M 


experiment 2, were fed b 


thods Pigs B and ¢, used in 


isic ration for three 
with 
fed 


rate 


weeks, Chemically was then mixed 
the 1200 Gm. of 
daily The salt 


of 350 Gm. the 


pure Nat 


the dampened ration and 
ind gin it the 


on the 


was mixed 


first da ind 400 Gm next 


>. 
~ 
ty 
A 
"ap? 
3 
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COTOBER 


two days liters of 


Rach day, 12 
timed to 


water Was sup 


plied at intervals stimulate maximum 
food consumption, 
showed 


Blood samples were not taken until pig 


of illness, since the xcitement of handling 
ed food consumption imples 
from both pigs dail r} 
space wis educed so that eomypr 
them to eat more of the 


Results The 
readily at first but 


unpalatable feed 
pigs ate sulted feed 
HOO Gim. of the 
trough when ilbne 


morning 
feeding was still in the 


ernoon of 


first appeared in pig B On the at 
the third day. Pig c remained well 
Qn day 1,” pig B appeared dazed and 


incoordinated but drank, ate, and was r¢ 


sponsive to external stimuli at 0:30 p.m 
By 11:30 p.m., it was lying on its sternum 
with forelegs extended and head retracted 
When placed on its feet, it walked in tight 
circles to the left, hitting its head and nose 
on objects in its path, or catehing its lower 
jaw on the edge of the trough. It lacked 
the intelligence to back or turn its head to 
free itself from the obstructions 

At 2:30 a.m. of day 2, the pig collapsed, 
apparently comatose. When lifted to its 
feet at 3:30 a.m., it stood stiffly with the 
head raised and twitching upward rhyth 
mically, 60 times per minute. With 
twitch, the blinked and both 
jerked downward slightly. The twitching 
suddenly increased in frequeney and_ se 
verity and the pig moved sideways, looking 
back as though feared 
approaching its side. It then stopped and 
began jerking its head directly 
assuming a position similar to that of a 
sitting dog, and pushing backward with its 
forelimbs. The jerking of the head stopped 
suddenly, the facial muscles became tense 


each 


eves ears 


some object was 


upward, 


cyanosis developed, the mouth opened and 


released a copious flow of saliva. The pig 
fell on 
minutes, then opened Its 
circling to the left. Its 
pulse was 100 and pounding 
12 per reflexes 
and pupils dilated 


its side, was motionless for a few 


CVES, stood up 


and resumed its 


respiration 


minute, were accentuated 


The attacks became more frequent and 
severe, the intervals between them varying 


from seven to 21 minutes. They commenced 


as described above but the pig would 


move baekward rapidly and fall on its side 


or sit like a dog, pushing with the fore 


legs and occasionally turning a backward 
somersault 
From 3:30 p.m, on, violent seizures re 
curred at regular seven-minute intervals 
After 2:00 a.m. of day 3, the pig 
observed only during periods of one half to 
hour The fits 


with some 


Wis 


one recurred every seven 


minutes Variation in everity 
but not im pattern 
On day 4 


minute 


seizures continued at seven 


intervals, characterized by head 


movements, twitching of the nos 


respira 
foll We al 


Occasionally 


tory arrest, and cyanosis; usually 
by coma until the next attac! 
the pig would get up and walk in a cirel 


W hen 


would 


pushing against any obstruction 


water was poured into its mouth if 
swallow convulsively as the water reached 
the pharynx 
in this way 


On day 5, 


About a pint was consumed 


convulsions continued at in 
tervals of seven minutes, each heralded by 
twitching of the nose followed by twitching 
of the facial muscles and clonic spasms of 
the neck which jerked the head backward 
repeatedly 

On day 6, from 3:15 to 
1:00 a.m, The pig did not respond to ey 
ternal stimuli and collapsed 
when placed on its feet. At 9:00 a.m. it 
was up walked aimlessly fer four 
blind. It attempted to 
the act was not 


ho fits occurred 
immediately 


and 
hours, apparently 
drink 
ordinated 

The pig was killed at 10:00 a.m 

When pig B became ill, 
count had decreased to 180 per eubie milli 
meter; within 24 zero, No 
other occurred in the 


water but well co 


Its eosinophil 
hours it Was 
significant change 
hemogram 

The 
both pigs had increased during the period 
of high salt 
my. per liter. In pig B, the 
dium were increased by about 12 mEq. per 


levels of calcium in the serum in 
feeding from about 5.0 to 6.9 
levels of sO) 
liter shortly after the onset of illness, and 
it increased by 20 to 170 mEq. per liter by 
day 

The 


intestines were 


Necropsy Findings (Pig B) 
dehydrated The 


The gastric mucosa presented three 


mal 
empt \ 


Was 
irregular ulcers on the 
fig. 4 


‘ 
brain, showed no gross changes 


vreater curvatur 


The other organs, including the 
The 
the cerebrum (fig. 5 


blood 


Kramination suba 


ONT 
rachnoid Space over 


and the pia accompanying th 
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Da fror nd id t la f 


contained 
the Tips 


sels into brain subs‘anece 
many eosinophils, parvcularly al 
of the sulei 

Numerous 
sponding to Brodmann’s lamina 6, varied 


vacuoles, in the zone corre 


in size up to 40 yp (fig. 7). Laminae 3 and 4 
proliferation, malacia 
(fig 


presented capillary 
fiy. and an inereased cellularity 
9), some of the latter due to the eosinophils 
Most of the cells, however, appeared to be 
proliferation figures 
of cells from blood vessel 
identified 


pl OCeSSECS 


derived by mitotic 
were in evidence 
walls. Many microglia could be 


Penfield’s stain by thei 


which were becoming shorter, thicker, and 


these 
appeared as deep pink-staining 


vacuolated, In areas, neurones were 


absent o1 


globules with none or only a part of a 


nucleus remaining. Neuronophagia was ac 


tively in) progress. Gliosis could not be 


demonstrated however, a of 


days is considered necessary for gliosis to 
The severely damaged 
third, fourth 
fifth) of the 


become apparent 


tissue was most evident in the 


and sixth laminae (less in the 

walls of the cortical sulei 
Changes were teast advanced in the pre 

frontal cortex, became progressively more 


severe to the parietal and temporal lobes 


SMITH 


then diminished to the occipital cortex. In 
the most severely affected areas, foci in the 
cortical tissue adjacent to the lateral and 
central sulei showed almost complete dis 
Integration with vacuolization, capillary 
proliferation, malacia, and some deposition 
of calcium (fig. 10 Nerve 
as shown by Lodian’s method,'? were 
and had dis 
appeared from the damaged area (fig. 11 

Irregularly clubbed’” axon ey! 
were present in the corona radiata 
Significant 


fibers and end 
swollen broken, and many 
swollen 
inders 
fig. 12 


observed in the 


were hot 


ehat ves 


basal ganglia, thalamus 


cerebellum, or brain stem. By means of 


Mallory’s phosphotungstic acid hematox 


vlin stain, beading of th 
apparent 


myelin sheaths 
their num 
vicinity of 
The myelin 
entral 


etive for eosino 


and an reduction in 


bers was demonstrated in the 


the lesions the cortex 
tended to break 


This stain proved to be sel 


into the space 


phils fig. 6) and was superior to some 


stains which are general recommended 
for this purpose 
Discussion The most 
the hemogram was the 
from the 


cmm, a Tew 


interesting fea 
ture of rapid drop 
in eosinophils normal number of 


oh to O/1 hours after the on 


» overlying the cerebral cortex of pig B; x 500 
6—Eosinophils in pia and around blood vessels at inner tip of sulcus 


Stained with 


Mallory’s phosphotungstic acid hematoxylin stain; x 350 


— 
Fig 


J. Ver. Ree 


OCTOBER 19 


SopiIuM SAL‘ 


of 
noticed in pig A 


set ness. This phenomenon was als 
exper 2 
We have no explanation for the exten 
sive symmetrical damage to the cerebral 
corres 


EXPERIMENT 4 
In a preliminary 


trial, the pig refused 
eat 


mixture of salt with oat and bar 
lev chop but with no animal protein. Ther 
fore, the procedure followed in experiment 
>was repeated with pig « alone 

Vater 


ition 


to a 


als and Methods |’ 


several 


ror 


A for we . 


mn 
tolerances 


10 to 1 


increased salt Pure 


The 


iv 


of ration 


ut 


is then fed pig 


(am 


day 
vith 
Blood 


Gim days 


per 
ven interval weorda nes 
the salts 


feed 
samples 
he 
IS days 
After days 
sodium level was 160 mEq 
the chloride and caleium 


were ected at inter 


illed f 


fo 


inimal was or 
Pecropsy 


Re sults 


the 
per liter 
levels increased 
The urine contained 181.6 mEq. of sodium 
and 129.9 mEq. of chloride per liter. The 


and 


Mood CF eounts and evels re 
blood cell t i} lol | | 


mained within normal limits. The daily 
water intake of 153 liters was approximately 


1] liters above normal 

The pig exhibited polyuria and diarrhea 
during the period of high salt intake but 
no neurological signs of salt polsoning Its 


weight increased 160 to 180 Ib. dur 


from 
ing the experiment 


At 


and 


necropsy, there were no gross lesions 


no thre 


changes in brain 


ISSTICS 


Discussion This pig consumed approxi 


mately the same amount of salt per day 
an extended period, as had 
thes le eloped 
The 
approximate the 
that of pig 
lactlo 
the 


for 
pigs A and 
al 
level 


clay 


\\ hen 
and 


serum sodium 


ame atter ¢ 
of 

than intake 

odin el are of 


Boon dan 
oth 


! 
ina 
production of the ah 
differed 
vas alone 
ace. With 
eating, it 
amounts 
The 


vehicle 


sxperiment from exper 


and had plenty 
no imeentive 


ut 
ol 
OMpelitl Was nee 


water! 


ars 


large 


would ra 


Watet 


before 
eliminate 


It is unlikels 


ous! 
utilized as a 


thy 


0 larg 


ther 


pliantities ¢ Nacl 
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Fig. 7—Selected area from fig. 8 showing capillary 
proliferation and increased cellularity; x 500 


fa 


fore, that 


eentration 


high 


Wis 


a“ sodium or ¢! loride 


the 


eon 


blood 


maintained in 


stream 


EXPERIMENT 9 
This experiment was designed to study 


the effect of high Nacl feeding on vounger 


ur female cross 


liters 


ehlortetraeveline 


831 
+ 
é 
» 
‘ 
; 
f 
hy’ 
for The | ny nit 
had diarrh 
ilk ter (4 basic tions 
a ‘ ‘ ‘ j 


) 


rate of 10 per cent. The amount of water given 
depended on the rate the feed was eaten (table 1). 
After noon of the fourth day, no additional salt 


was fed. Pigs 1 and 3 were treated with dextrose, 


Fig. 8—Perivascular infiltration with vacuolation 

and increased cellularity in cerebral cortex; x 120. 

Fig. 9—Malacia of cerebral cortex with capillary 

proliferation. Note position of lesion in relation 
to sulcus; x 40. 
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SMITH 
calcium, and magnesium solution on days 5 and 6, 
respectively. 

Necropsies were conducted on all after 
Ceath or slaughter. 

Results —At 11:00 p.m. on 
day, after 39 hours on the high salt diet, 
pig 4 showed signs of illness, pushing its 
head against the trough. It suddenly be 
gan to jerk its head upward at regular in- 
tervals (36 times per minute) with in- 
creasing violence until the whole forepart 
of the body, as well as the ears, Were jerked 
Later, the head 


pigs 


the second 


upward at each movement 
was flexed tightly to the left, along the 
shoulder (pleurothotonos) and the pig 
pivoted to the right on its right forefoot, 
keeping the left forelimb straight. Toward 
the end of this the was 
held to the ground as though being used as 
The pig was not 
attacks oceurred at 
irregular until midnight when 
the pig became prostrate. When observed 
at 3:00 a.m., a seizure termi 
nated by rigidity, respiratory arrest, and 
the temperature was 39.5 c¢., the 
The pig died at 
salt feeding 


movement, nose 
an additional 

Similar 
intervals 


support 


CONSCIOUS 


occurred, 


CVANOSIS ; 
pulse was 120 and thread) 
7:00 hours after 
began. 

Necropsy Findings.—The skin was deep 
purple, darkest on the ventral surface of 
the body. The mucosa of the pyloric re 
gion of the stomach reddened and 
edematous. A few roundworms were pres- 
ent in the jejunum and the large bowel was 
filled with dry, coarse residue 

Microscopic Examination 
cellular elements of the 
including the neurones, were separated by 
a space from the surrounding tissue (fig 
13) The pyramidal cells were frequently 
forced into the form of a crescent at the 
side of a vacuole ring’’ or were 
suspended by fibrils, axones, and dendrites 
bridging the distended perineuronal space 
(fig. 14). 

Numerous vacuoles, varying in size sin 
gly or in rows, were in all layers of the 
cerebrum. They were usually rounded but, 
in the white matter, tended to be elon 
gated Patchy edematous vacuolation 
formed eystic structures which gave a lacy 
appearance to the tissue (fig. 15 


The Virchow Robin 


a.m., 47 


Was 


All of the 


cerebral eortex, 


signet 


like the 


spaces, 


perineuronal spaces, were greatly dilated 
Kosinophils had infiltrated, taking up a 
position in the meninges at the inner tip 


of the suleus and just outside the endo 


ma! D. L. T 
Px 
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thelium of the capillaries of the molecular, 
granular, and pyramidal layers of the 
cerebral cortex (fig. 13). The hippocampus 
and subcerebral portions of the central 
nervous system, including the cerebellum, 
showed no lesions. 

At noon of tke third day, 59 hours after 
the test began, pig 1 appeared to be blind. 
Periodically, the nose twitched rapidly and 
the head was jerked upward in clonus of 
the neck muscles. It tended to stagger side- 
ways to the right with its head pulled to 
the left Pig 3 appeared to have im 
paired vision and paid little attention to 
its surroundings. Seven liters of the water 
allowed for the third day was given at 
5:00 p.m. Pig 2 drank readily, pig 3 
drank somewhat more slowly, and pig 1 
was not interested until its 
pushed down into the water, when it drank 
clumsily. 

At 6:00 p.m., pig 1 started to have at- 
tacks ushered in by twitching of the nose 
and clonus of the neck muscles resulting in 
a ‘‘ woodpecker’? movement of the head. 
The whole body was jerked backward, at 
times, in coordination with the head move 
ment. The feet remained stationary and 
the center of gravity was shifted to the 
rear, thus the pig occasionally fell to a 
sitting position. When an attack termi 
nated, it would resume an aimless, restless 

When it bumped into an 
turned and continued 


side 


snout was 


wandering 

object, it 

walking 
The 


sionally so 


aside 


attacks periodic but ocea 
mild 
nated movements and random twitching of 


between the 


were 


as to fuse with incoordi 


muscles which occurred more 
defined seizures 

At 9:00 a.m 
$3 were both having attacks at 
intervals. A frightened ex 


pression and a period of expectant 


on the fourth day, pigs 1 


and regular 
seven-minute 
alert 
immobility in the standing position with 
the nose just above the ground portended 
a seizure at this stage. This attitude wa 
terminated when the nose began to twite! 
The head was pulled around to the side 
tightly, then returned to the forward posi 
tion to start jerking 
rest of the body 
foot. other in 
previously re 


propelled themselves back 


backward with the 
The pigs pivoted around 
and dragged the 


one front 


the manner deseribed 
quently, they 
ward in a sitting position by working the 
back legs rapidly while the forelimbs were 
held much like a backing a 


rigid horse 
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Fig. 10—Severely damaged area in the cerebral 


cortex of pig B; x 120 


heavy load.** When, in this position, the 
head jerked backward, the neck 
were in clonus, and the mouth opened and 


muscles 


with Bodian’s stain; x 350. 


Sing 6 
vy 4 & 
& 
Fig. 11—Disintegration of nerve fibers. Stained 


closed, Profuse salivation and dilation of 
the pupils terminated these attacks. The 
hyperactivity terminated in rigidity with 
Suddenly, 


complete 


respiratory arrest and eyanosis 
changed 


relaxation for variable periods 


the rigidity 


An attack could not be induced by ex 
ternal stimuli. During the 
attacks, the 
oblivious to 


intervals be 
tween 


pigs were completely 


When placed 


on their feet, they would collapse as though 


surroundings 


be neless 


During the morning of the fourth day 
pig 2 appeared to be blind and, although 
it responded 


stimuli 
fear of any 
Only two attacks were observed in 
These were heralded by twiteh 
ing of the nose, followed shortly by violent 


vaguely to external 
it showed no 
thing 


this pig 


interest im or 


clonie spasms of the muscles of the whole 
The rump 
in copulation 


body was jerked forward as 
The muscular spasms in the 
terminated the 


backward in a 


animal 
stiff 


second seizure 


ping series of 
legged hops 

2 showed some provement on the 
afternoon and ate and drank some of the 
basic ration and water with no salt added 
Pigs 1 and 3 were not aware of the presence 
of either food or drink but swallowed wate 


that was poured into their mouths 


SMITH 


Fig. 12 
ing of the axone cylin- 
Stained with Bodi 
x 500 


Irregular swell- 


ders. 
an’s stain; 


fourth day, the 
were 


In the evening of the 
seizures In l and 3 
and they walked 
riedly around the 
Occasionally, 
with 


less severe 
hur 


attacks 


pigs 
continuously and 
betw 
othe 


floor 


pe 
one or the would stop 


and, nose to the would pivot 


around one foreleg 

Between 1:00 acm of the 
fifth day, pigs 1 and 3 each had 18 seizures 
At 3:00 a.m., pig 3 immediately 
KO ce. of a 


and 3:00 a.m 


after a 


SeIZUre, Was given solution of 


dextrose, calcium magnesium intra 


peritoneally. It remained apparently blind 
surroundings but it 


had no more fits. Pig 1 


and unaware of its 
having 


attacks regularly at seven-minute intervals 


continued 


and wandered aimlessly around between 
attacks, for the rest of the day 

At 9:00 a.m., pig 3 walked around cor 
nose to the floor so that 
The 


lected in its mouth was chewed, apparently 
than by 


tinually with its 


it pushed straw straw which col 


more by accident conscious effort 
It ignored water and feed 
At 12:30 a.m. of the 


was still showing the typical clinical pie 


sixth day, pig 1 


ture Pig 2 appeared normal, ate, and 


drank but seemed unable to anticipate 


danger, Pig 3 drank and ate clumsily, was 


still somewhat incoordinated, but seratcehed 
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itself normally and was conscious of sur 
roundings 

Attacks suffered by pig 1 still 
characterized by nose twitching, head jerk- 
ing, and backward movement, in a sitting 
propelled by the hindlegs with 
held stiffly. The pointed 
downward at the beginning, was raised 
pointed upward with the 
mouth open and the ears back as the attack 
progressed, Occasionally, all four limbs 
were used to propel the animal backward 
rapidly Salivation, pupillary dilation, 
rigidity, and cyanosis occurred late and, 
finally, the pig completely. 
Usually it remained in comatose collapse 
until the twitehing of the 
the onset of 
walked aimlessly 
head and 
countered 

Nine seizures occurred in pig 1 between 
12: 25 am. Immediately 
30 ce. of dextrose. 


were 


position, 
forelegs nose 


stepwise and 


collapsed 


nose signalled 
Rarely, it 
forcing 


seizure 
fits, 
object it 


another 
between 
any 


nose against 


a.m. and 1:25 


after the ninth seizure, 
calcium, and magnesium solution was ad 


ministered intraperitoneafly. Although an 
other 20 ce. of the solution was given an 
hour later, continued at 
minute intervals until 6:00 p.m., when they 
ceased abruptly. The final attack was typi 
cal and equal in severity to the others, For 
the remainder of the day, the pig was weak 
and wandered about rooting in the straw, 


SCIZLUTOCS seven 


objects it en 
countered, It food 

On the seventh day, pig 1 rapidly re 
It drank greedily but 
Some of the water was aspir 


head 
showed ho 


pushing its against 


interest in 


gained its faculties 
awkwardly 
ated and caused coughing 

Qn the eighth day, all of the pigs were 
essentially 


normal except that 1 and 


Kuthanasia 


pigs 
appeared to be blind Was 
performed 

Just prior to the test, pigs 1, 2, 3, and 4 
weighed 22.7, 16.6, 18.0, and 16.1 kg., re 
spectively. Before being killed, pigs 1, 2, 
and 3 each weighed 18.2 kg. 


Vecropsy Findings In pigs 1, 2, and 3, 
no marked 


hecropss 


changes were observed at 
The 
cant lesions in the central nervous system 
of pig 1 were confined to the cortex of the 
and the overlying 


Wiecroscopic Examination signifi 


cerebral hemispheres 
meninges 

Eosinophils had infiltrated the lepto 
meninges, tending to concentrate in these 
membranes as they dipped into the sulei 
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Fig. 13—Perineurone vacuolation with distention 
of perivascular spaces in pig 4; x 120 


Fig. 14—Fibrils (axones and dendrites) bridging 
the distended perineuronal spaces in pig 4; x 500. 


| 
f 
alg 


Fig. 15—Patchy edematous vacuolation in multi- 
form layer of the cerebral cortex of pig 4; x 120. 


- 


Fig. 16—Numerous eosinophils surrounding blood 
vessels and in depth of sulcus of pig 2; x 120. 
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(fig. 16) ; few were present on the surface 
of the gyri. Eosinophils were also present 
in the perivascular spaces (fig. 16). The 
nuclei of endothelial cells appeared swollen 
and vesicular amid the eosinophils. Neo- 
capillaries were surrounded by eosinophils 
in some areas, giving a highly cellular 
appearance to the tissue. 

The most important changes were de- 
generative lesions exhibiting a topographic 
dominance primarily involving that part 
of the cortex which forms the walls of the 
sulci. The severity of the encephalopathy 
varied from simple, nonspecific neuronal 
degeneration characterized by shrinkage 
and pyknosis, seen in the precentral area, 
to complete destruction of the cortical tis- 
sue apparent in the walls of some of the 
sulci in the parietal, temporal, and occipital 
In the latter areas, the tissue pre- 
many which were bridged 
by capillaries and populated with glial 
cells, fat granule cells, and a few eosino- 
phils (fig. 17). The ganglionic and fusi- 
form layers of the cortex were invariably 
involved in the affected Usually, 
however, changes could be the 


lobes. 


sented spaces 


areas 


found in 


granular and pyramidal layers even in the 
The molecular layers 
rarely showed any obvious changes. 


less severe lesions 


Fig. 17—Area of malacia in the cerebral cortex 
of pig 1. Almost complete disintegration has 
occurred. Note fat granule cells and capillary 


bridging spaces; x 120 
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Proliferation of endothelial cells with 
numerous neocapillaries was a feature of 
the changes seen in all affected areas. 

Only that part of the cerebral 
that is formed from the archipalium, the 
uncus, and adjacent part of the hippo 
campal gyrus was unaffected. The 
bellum, basal ganglia, cranial nerve nuclei, 
and the various mesencephalic nuelei, in 
cluding the red nucleus (fig. 18 were 
normal. 


cortex 


cere- 


The changes in the brains of pigs 2 and 


3 were essentially the same as those in pig 
i. 

Except for reduction of the number of 
eosinophils at the time of onset of illness, 
the hemogram was not remarkable. The 
results of analyses of the blood serums are 
presented (table 2) 


Discussion.—The apparent ease with 
which signs of toxicosis were produced 
would suggest that pigs of 3 months of 


age are quite susceptible 

In this experiment, the pigs were pre 
pared for the test by excessive feeding: (1) 
to minimize the possibility of the lack of 
essential nutritional factors, especially B 
group vitamins and calcium, entering into 
the picture, and (2) to favor the develop 
ment of a large appetite. The 
in excellent had 
appetites when the test commenced 
competitive influence provided by 
tion of trough further stimulated 
food consumption, Water dur 
quantities but at 


pigs were 


ravenous 
The 


limita 


condition and 


Space 
Was given 
test in larger 
longer intervals than in 
This may have had some influence on the 
success of the experiment. 


ing the 


Tests 


previous 


The seizures observed were basically the 
tests 
Thus they appear to have definite diagnos 
The frightened attitude 
and period of expectant immobility which 


same as those seen in the previous 


tlie signilieance 
could 


signaled an attack in pigs 1 and 


be compared to the aura of idiopathic 


epilepsy in man and the dog 


The severe edema, demonstrated micro 
scopiceally in the brain of pig 4 which died 
only eight hours after the onset of illness 
suggests that the first change, and per 
haps the immediate cause of these SIV TIS 


is cerebral edema 


The infiltration 
the brains of all pigs and the similarity of 


eosinophil present in 


the lesions in pigs 1 and 2 to those seen in 
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TABLE 1—Daily Diet of Pigs 1, 2, 3, and 4 
(Experiment 5) and Its Toxic Effect 
Time 
from Amt 
startof basal Amt Amt. Amt 
exper ration water milk NaCl 
(days) (kg.) (liters) (liters) (Gm.) Remarks 
1 2.6 4 4 260 All pigs normal 
2 1.3 6 130) «6Pig 4 showing 
signe of illness 
1.5 11 150 Pig 4 died Pigs 
1 and 3 showing 
signs of illness 
4 Pig 2 showing 
signa of illness 
4-5 Animals given 


regular basal 
ration A and water 
with no extra salt 


until killed 


pigs A and B suggest that these lesions are 
pathognomonic 

Cessation of seizures in pig 3 after being 
given 
solution seemed to indicate a therapeutic 
effect have 
abruptly in other animals suffering 
from this When pig 1 
jected to the same treatment, no beneficial 


dextrose, and magnesium 


llowever, SCIZUTECS ceased 
many 
disease was sub 
results were evident 

The lack of fear, blindness, and inability 
to perform simple actions, such as eating 
when the pigs began to reeover COonseclous 
ness can be explained on the basis of the 
damage to the cerebral cortex. Their rapid 
recovery was remarkable when the amount 
of cortical damage is considered 


TABLE 2—Analytical Data on the Serums of 4 


Pigs Poisoned with NaCl (Experiment 5) 


Blood serum 
Time from 


exper P mEq 
days ‘ liter ) ( liter ) ( t ) 
; 
141 
| | 
i4 
4 
i 
i 
104 i4 
‘ 112 
i” 
‘ 
Pi 4 died on da 


same time each day (*( mparable results 
were obtained. The maximum serum so 
dium level recorded appears three times 
during the period of thigh salt feeding 
This could be an indication that, when the 
blood serum sodium level is 188.1 mEq. per 
liter, the threshold of the intestinal absorp 


tion has been reached 


EXPERIMENT 6 

A survey of the feeding methods of 
swine raisers revealed that many mixed 
the solid food, garbayve, grain, or commer 
cial pig feed with water and fed it in the 
form of swill. In many instances, only one 
trough was available and the only fluid 


that the pigs received was that which was 


~ 


Fig. 18—Red nucleus in pig 1. Nerve cells and mixed with the feed. This appeared to be 


supporting tissue appear normal; x 85 4 dangerous practice in the light of our 
findings, since the feed, particularly gar 
The number of eosinophils in the blood = bage, could readily contain considerable 
was reduced significantly during the  Nacl. A separate unlimited supply of fresh 
period of Stress Blood serum caletum water seemed to be the logical method of 
levels were not significantly altered dur yuarding against such a contingency, Ex 
ing the period of salt feeding periment 6 was planned to test this prophy 
Serum chloride and sodium levels were lactic measure 
markedly increased and roughly parallel Vaterials and Method ren ¥ shire pigs 
This suggests that these values mav be of onths old, were fed basic t for several 
significance in making a differential diag eeks preceding the test. A blood sample was 
nosis. By taking the blood samples at the tuken from each pig and, afte t hours of fasting 
‘ 
ee 


Fig. 19——-Distended pericellular and perivascular spaces in pig 9; x 85 
Fig. 20—-Eosinophils in distended perivascular space in pig 43, which was given sodium 
propionate; x 350 
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they were weighed, and two groups of 5 pigs each 
were placed in pens numbered 3 and 4 

The pigs in both pens were fed swill composed 
of Nacl /e basi ration B 24.5%), and 
water 73.0% 


Pigs 10 to 14 in pen 3 had free access to fresh 


water until the sixth day, after which additiona 
water was withheld The salt swill was removed 
at 10: 00 a.m. on day Y and the pigs were given 
their regu ration of swill basic ration | 


0%, bran —4%, and water ad libitum 


idditional fluid 


Pigs 5 to 9 in pen 4 were given 
by further diluting their swill only when thes 


would not eat it otherwise. This was done on 


days liters of water), 4 liters of wate! 

and 5 (4 liters of milk). On day 6, the remain 
ing pigs (5, 7, and 8) were returned to the regular 
ration (table Blood samples were taken at 
intervals for chemical analyses table 4 those 


for chlorid taken 


were separately and analyzed 


immediate those for sodium and potassium 


vere placed in airtight serew-eap vials and frozen 
the could be 


analyzed by flame photometry. 
On day 6, the i 


remaining pigs in pet 
weighed and blood samples were taken 

Results.-On day 1, after 24 hours’ fast 
ing, the weights of the 10 pigs ranged from 
19 to 42 kg 

Qn day 3, pig 6 was in considerab! 
respiratory distress from a hematoma, tl 
result of bleeding, so it was killed at 9:00 
Pig 9 was wandering around 


lesshy It responded to noises and contact 
but appeared to be blind and stupid. All 
other pigs were normal 

At 8:00 a.m 
had 


seizures during the 


of day 4, pig 9 was weak 


and several well-defined, typical 


next two hours. Be 


tween it staggered around bump 
head 


It was unconscious and complete! 
stimuls At 10:09 


attacks, 


ing into and pressing its agains 


objects 


oblivious to external 


a.m., it went down on its side and remained 
there Its head jerked upward and_= its 
forefeet moved in a running motion con 
tinuously until it died 16 hours after the 
first signs were observed and 75 hours 
after first receiving the high salt feed 

Pig was blind and responded slug 
vishly to physical contact 

At a.m. on day pigs 7. and 


appeared blind. The neck muscles of pigs 7 
and & showed mild clonus, the heads jerk 
backward (approx. 90° times 
These from the 
surface after 4 liters of water was mixe:l 
with their feed at 9:00 a.m, They ate littl 
of the salt feed 
The pigs in pen 


ing slightly 


per minute drank 


pigs 


Sate all their feed dun 


ing the day 
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On day 6, pigs 5, 7, and & were severely 
dehydrated. Their skin was dry and pareh 
ment-like. They had lost 9.5, 4.0, and 3.3 
ky. in weight, respectively, in the six-day 
Pig appears d to be more severely 
was killed 

Pigs 5 and 7 were given regular feed and 
water which they took reluctantly at first, 
but they were apparently normal in every 


period 
affected clinically, so it 


respect four days later 
The normal chloride 
levels and the appearance of pigs 10 to 14 


sodium and serum 


which had been given additional water 
indicated that they were in good health 
The high salt diet was continued but the 


additional water was taken away at 10; 00 
a.m. of day 6 and withheld until day 9 
on day 


otherwise 


the pigs were less lively but 
decided to dis 
The salted food 
and the pig 


normal, it was 
continue the experiment 
was replaced at 10:00 a.m 
consumed the fresh water and feed readily 
At 5:00 a.m. of 10, 22 hours after 


the salt feed was replaced and 15 


day 
pigs 12 
were unconscious and undergoing epilepti 
tvpical of those previously 


form attacks 


deseribed, Pig 12 occasionally ran forward 
or backward and bumped mito objects and 
the fits 


copulatory 


terminated by 
thrusts Between attacks it 
high with the front feet 
or rooted with urgency in the soft ground 
The irregular 
one series being timed with 7-, 14-, 7 
lk-minute intervals. Pig 
high root Its 
continuously but this became more appar 


were frequently 


walked, stepping 


attacks came at intervals, 


and 
13 also tended to 
nose twitehed 


step and to 


before clonus ol the neck muscles 


which 


ent just 


and foreed circling occurred at 
irregular 
At 2:00 


panting; all 


intervals 
p.m, pig 12 
four 


was down on its 


sicle legs were rigidly 
Its body temperature was 41.7 « 
that 


stroke’? 


extended 


It was thought the animal was suffer 
heat 


and 


ing from the atmospheri 


temperature humidity were high 


and from 
cold 
reduced to: 
the 
pig remained 
00 p.m 

Pig 13 


OO 


hyperventilation By pouring 
over it the 


water temperature Was 
the respirations slowed 
lessened hi 


died at 


rigidity gradually 


comatose and 


continued its activities until, at 


p.m.,,it Was standing rigidly, head 


lowered and with a 


of 1] 


Was poured over it 


panting 
Since it 


temperature 


would not drink, water 


The temperature was 


reduced, normal breathing was resumed 


movements ceased. low 
attack ter 
minated when the pig fell over on its side 
with arrest 


and involuntary 


ever, at 7:29 p.m. a typieal 


and became rigid respiratory 
and CYANOSIS 

At 7 
whole body was jerked backward violently 
eliciting a grunt at each jerk. This attack 


lasted two minutes and a third fit oceurred 


p.m. a second fit occurred. The 


1] minutes later 
On day 1] 
in pig 1S at 
diminishing frequency and 
3:00 p.m., 
the pig regained consciousness and became 
By 9:00 p.m., it 
eating and drinking and appeared normal 


seizures continued to oceur 


irregular intervals with 


last one occurred at after which 


reoriented rapidly was 


Pig 13 was killed for on day 


1] (‘hemical analy StS of the blood of the 


necropsy 


pigs are shown (table 4 
Vecropsy Findings In pig 9, dehydra 
The 


bowel were dry and adherent to the mucosa 


tion Was severe feces in the 


TABLE 3 


Time from 
start of Pine Amount of 
exper of awill “ 


(da da 


10 a.m 


severity. The 


large 


(liters 
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Vicroscopu Eramination The changes 


in the cerebral hemispheres were charac 


terized by extensive vacuolization suggest 
edema. The perivascular and 


Ing severe 


pericellular were distended fig 
19 Many of the 


hyperchromatie 


space 
neurones were shrunken 


Kosinophils were 


and 
present around the blood vessels and in the 
meninges 

The 


showed 


mucosa of the ileum in pig 12 


two reddened areas consisting of 


innumerable petechiae which became con 
fluent centrally 

There of eosinophils 
mening erlying, and the 


the cerebral 


was an abundances 


in the perl 


vascular spaces eortex 


The neurones in many parts of the cerebral 
hemispheres showed degenerative changes 
were ob 


lesions 


No significant gross 
served in either pig 8 or 13 
Kosinophils were numerous in the men 


inges and the perivascular spaces of the 


Daily Diet of 10 Pigs in Experiment 6 


Additional 


ad libitun 


ad libitum 


Pen No \ K 
4.7 
5.7 
f 
f 
4 
ad 
' 
i tur 
4.4 
1 } 
bumped 
» 
ad t 
ips i 
aft t 
pt i nis i 
idition 
t 
po ‘ 
I ila of per cent ( 15 pe ent t 0 
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cerebrum. Microglia and capillaries were 
also present in increased numbers 

The 
death of 
sodium 


rapid onset of 


pig 


Discussion 


signs 
and early indicate a pet 
acute case of chloride 


The faet 


extremely 


poisoning 
that the brain of this animal was 

edematous lends support to the 
view that edema ts one of the early changes, 
if not the first, in the The 
and the brain of this 


almost identical to thos 


brain clinical 


pieture changes in the 


were seen 


In pig experiment 
According to their 
chloride. se 


remaimed 


appearance and so 


dium and rum levels, the 


In pens normal while they were 


given additional water, in spite of the fact 
that they over 10 ky 
more of the salt swill than the pigs in pen 


Water 


effect 


actually consumed 


appears to have a prophvlacti 


should 


pigs, particularly 


and always be available to 


where garbage or othe 


TABLE 4 


SoptumM SALT PoIsONING IN SWINE 


R41 


substances of doubtful composition are be 
ing fed 

The fact that 12 and 13 
the disease when reduced to the ime 
pen oof that 
they were suitable controls during the first 
part of the refutes the 
claim made by salt 
sodium chloricd 
clinical 
tenth day 
ed 


pigs developed 
regi 
men as those in t is ample 
experiment, [t also 
workers that star 
before 
poisoning can be produced 


should 
ce hours atte. thy hiah alt 


Some 
Vation Is necessary 


eommence on the 


SILPIIS 


upply 


moved and an unlimited 


water given, is difficult to explain 
The 


a tactol 


high atmospheric temperature wa 
ha 


producing the con 
salt 


in this experiment and may 
materially in 


assisted 


dition on a relatively low intake 


planned 


Analytical Data on Serums of 10 Pigs in Experiment 6 


= 
prige 
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‘ 
iu 
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‘ 
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14 
‘ 
i 
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h whether the typical syndrome of salt TABLE 5—Weights of Pigs and Amounts of 20 
per cent NaCl Solution Given by Stomach Tube 


or brine poisoning eould be produced by a : ; 
(Experiment 7) 


ingle dose of Nacl solution in distilled 
water given orally and, if so. what dose 
would be required 
Vatcrials and Method 
eeks old, and 1, & weeks 


ind bran 


ran 


stomach 


con 


thie were 


rhivthmicall r thie pris 
walked aimle if e twitehineg 
and head jerking fe minutes It 
vyradually reco remaimed normal 
Pigs 19, 20, : } showed no sign 
of illness. The inerease In SO 
ditum and ehloride an i decrease 
inalysi caletum levels in the s ims OF the pi 
routine erop Wiis i | nig this experiment were quite constant 
ad. The Le 0 gastric est Vecropsy Finding significant 
determines changes were appar The 
Results Six of the 12 pigs died in nine mucous membrar the ich and in 
to o2 hours after being given the salt solu testine Was normal ecropsy findings 
tion table They showed incoordina ven ral consisted. of arving degrees ol 
tion, muscular tremors, prostration with vaustroenteritis Numerou fare 
running movements, and coma before present in the kidneys of pigs 16 and 17 
death. Pig 15 showed periodic seizures and Wicroscopic Eramination Sections from 
foreed cireling the cerebral cortices i pigs showed 


Che maximum Nacl level in the gastric honspecifie degenerative changes with some 


contents of these pigs at the time of vacuolation Kosinophils had infiltrated the 


necropsy Was 0.44 per cent in pig 25 cerebral periva i it in pig 17 


None of the other 6 pigs showed anv ill only 
ts from thre solution during the The blood Vi els thie erebrum were 


day Thev ate the swill hunerilyv at urrounded by many eosinophils and som 


) 


OO on cay round cells \lay neurons were 


Pie 1S was first noticed to be abnormal and shrunken. Edema, most prominent in 


at 9:00 a.m. on day 3. It was blind, pushed the multiform |: rot the rebral corte 
avainst objects, was ineoordinate. circled Was severe 
and experienced epileptiform seizures until Discussion y course of the disease in 


it died at midnight on dav 4 pigs 20, 2 ) which were given the 


After drinking at 2;00 p.m. on day 3, most salt . and 3.3 Gm./ke.. re 


the snout of pige ~1 began to twitch The spectively was peracut probably the re 


head was jerked directly back and the at of ctreulator collapse would 


rump wa erked down and forward appear that, because dose and 


Oot er ig 
ed ont ¢ ration wer: ed 
Aru: 0 im. on d 1, the en 
eon ted of water te ! ration i4 
ky nd ky At iu 
> i4 
thi were weigh ered from to 26, and 
‘ graded ad f 10 ‘ deat t 
ent n distilled ter (tal amount 1 
n were graded, in an attempt t 
mum lome nad the lose that would 
cor or pig ced to ( 
vether ! per here the d keep coo t 
At lf ( iu on da ’ blood f tiv 
bie Vil taker from enueh ‘ 
\t thy remaining pig er 
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the limited intake, death oecurred 


before the classical clinical and pathologi 


wallet! 


cal pietures of salt poisoning had time to 
develop. The levels of sodium and chloride 
in the these 
within three to four hours after dosing. It 


serum were high in animals 


would be unusual for a pig to consume 


voluntarily, the amounts of salt given and 


hence poisoning, as it oecurs under prac 
tical conditions, was not observed 

Pigs 15, 16, and 17 
table 5 The periodic attacks 


and 


were given less salt 
circling, 
observed in pig 15 
that had 
Litter mates 16 
weight 


were like those observed In pigs 
consumed an excess of salt 


and 17 


the same close 


were the same and were 
of Nacl under identical 


died 


17 in hours 


and 
after be 
Kosinophils 


conditions. Pig 16 between 36 


16 hours, and pig 
salt 


were observed only 


solution 
in the brain of pig 17 
It is tempting to postulate that than 

hours 1s after the ingestion 
chloride for the 
for the infiltration of eosinophils 
The 


of the kidneys in these animals was proba 


ing given the 


sodium conditions re 
sponsible 
into the brain to develop infarction 
bly the result of vascular spasm, as no or 
for them could be established 
pathological pie 
ky. of Nacl 


vanic basis 
Both the clinical 
tures in pig 18 (given 


and 
22 Gm 


were typical of those exhibited by the pigs 


fed Nacl over a period of time 


EXPERIMENT & 
able to 
and 


Since we were produce the 


characteristic syndrome pathological 
changes by feeding Nacl, and as it is known 
that the two ions dissociate readily in the 
animal body, it was suggested that only om 
of the two was responsible 

Experiment & was set up to determin 
which of the chloride 
was the etiological 

Waterials and Methods 
pigs, 
groups of 4 Phe 


ious (sodium or 


ayvent 
Right litter mate York 


shire months old, were allotted to two 


were weighed and placed in 


separate pens 


Group 1 f ill consisting sodiun 


propionate , busie ration > kg , and 


water concentration sodium 


propionate 4.0 per cent, is equivalent 


in sodium per cent wl 


Group 2 was swill containing 


chloride 


chloride ileium 


basie ration 4 ‘ ind water 6 liters 


eoneentration of oride 10 


per cent ind of ealei loride 
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1.16 per cent, are essentially equivalent in chloride 
to 200 Gm. or ) per cent Nacl 


Addition milk and idded to the 


if both groups when it was obvious that the 


water were 


were not going to eat it otherwise 


the rs were weighed and blood samples 


pig 
were taken from those in group 1 on day 4 Phe 


feed containing sodium propionate and potassium 
ind caleium chloride was removed at 0:00 p.m, on 
day 5, and regular feed and water were given 
blood sample was again taken from pig 44 on 


6 and chloride, sodium, and potassium levels 
im were determined It was killed for 

necropsy at Tl: 00 pom. on day 
Results The 
10.25 kg. of swill reluctantly, so at 
1 liter of liter of milk 
with the The remainder 


after an 


then 


noon 


pigs In group 2 ate 


water and 1 were 


mixed swill Was 


additional 3 
feed 


swill given on day 


during day 
liters of water 
added The 5 
was diluted with a total of 6 liters of milk 
and 2 kg. of llow 


ever, 2 ka. of the still remaimed in 


eaten 


and 1 kg. of pig were 


) ky of y 4 


basic ration Bon day 3 
mixture 
the trough when it was discarded and fresh 


hese 


were 


viven on day o 
pigs dehydrated 
listless, and walked with their backs arched 
They lost an 
their 


feed and water were 


became severely 
average of lo per cent of 
llowever, no other 
When 
regular feed and water, they ate and drank 
Within 24 they had re 
vained their normal vigor and appearance 

The group 1 ate the 
taining sodium propionate readily during 
the first ate little thereafter 
They day 1, 
12 kg. on day small amounts 
last three days 
6 liters of milk and 2 kg. of 


original weight 


signs were apparent riven the 


vreedily hours 


pigs i swill con 


two days but 


consumed 16.6 kg. on about 


and only 


on days 3 to 5. During the 
total of 


yrower 


hog 
to dilute the swill (not 
the trough 
then 


Wiis 


were used 
} ky 


second 


more than 
after the 


remaining in 
day about 
2 ky. of the diluted mixture 
that fresh feed 
be given at 5:00 p.m 
All 4 
water 
Thev had lost an 
of thei 
did thes 
group 
On the 


thrown 


SO and water could 


on day 
pigs consumed the fresh food and 


readily, and all appeared normal 


averaye of 10 per eent 
original weight: not as much, nor 


appear as dehydrated, as pigs in 


sixth day, pig 43 (sodium group 
did not come to the trough as did the other 
at the 9: 00 feeding (16 
after the sodium feed was removed 

found to be 


pigs a.m hours 


It was 
unaware of its surroundings 


was apparently blind, did not respond to 


OCTORE 19 

— — 

(6) (51) 

he 


44 


external stimuli, and wandered around 
aimlessly 

At 9:30 a.m. its snout began to twitch 
periodically At 10:00 the 
twitch increased in frequency, then clonus 
The head 


Forced 
radius, 


a.m., nose 
of the neck muscles commenced 
jerked directly backward 
circling, within very 
while the snout was lowered to, and placed 
on, the ground characterized some of the 
The pig pushed forward as it 
the remaining the 
ground until suddenly the bent, al 
lowing the forehead to contact the ground 
was then lost and the pig 
It fell on its side with limbs 
rigidly extended while respiration was sus 


Wis 
narrow 


SCIZUTeS 


eireled, snout fast on 


neck 


Equilibrium 
tumbled over 


pended 
then relaxed and respiration was 
except for the somer 
10:30, 10:37, and 10:45 
Between attacks, the pig lay relaxed 
or got up and wandered aimlessly. | 


and cyanosis developed; the pig 
resumed 
Similar attacks 
ault, occurred at 
pon 
arriving at a corner, it frequently pushed 
its head up and raised its front legs alter 
nately as though it were trying to climb 

Kits continued to occur at irregular in 
Forced cireling, 
and the 
snout pressed to the ground characterized 
most of the attacks 

It was killed at 11: 00 
pigs remained normal 
Findings No 


yross changes were present 


tervals throughout the day 


pleurothotonos, pivoting with 


p.m The other 


Necropsy significant 


Vicroscopic Examination.—sSections of 
the cerebral cortex showed changes char 
acteristic of those seen in the pigs poisoned 
with Nacl. Many neurones were shrunken, 
angular, and pyknotic. Moderate 
was evidenced by distention of pericellular 


edema 
and perivascular spaces. Numerous eosino 
phils surrounded the blood vessels and had 
infiltrated the pia mater (fig. 20 
Discussion,.-The clinical and pathologi 
cal picture produced in pig 43 by feeding 
the same as that 
observed in the pigs fed Nacl. This would 
sugvest that the than the 
chloride ion is responsible for the 
Simple dehydration 


sodium propionate was 


sodium rather 
clisease 
much 


since if Was 


than in group 1 
the 
tor in the pathogenesis of the disease 

It is of interest that were 
noticed in pig 45, 16 after it 
been given, and apparently ha 
feed 


more severe in group 


dloes not appear to be Important fae 
first 


had 


consumed 


SILTIS 


hours 


and water without additional salt 
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The same phenomenon was observed in 


pigs 12 and 13 in experiment 6 


EXPERIMENT 9 


A series of experiments was conducted 
to determine whether the classical clinical 
and pathological changes of salt poisoning 
could be the 
serum levels of sodium and chloride to or 
Vary 


solution 


produced by simply raising 
above the levels previously observed 
ing amounts of 20 per cent Nacl 
were given as a single intravenous injec- 
Of these pigs 
in 15 minutes, 1 in 12 hours 
hours Intracranial 
blanched 


vealed at 


died with 
and 1 in 24 


and 


tion to 12 pigs 


hemorrhage 
areas in the kidneys were re 
None showed the elini 
which 
salt 


showed no 


hecropss 


cal o1 pathological manifestations 


we had to consider typical of 


rest of the 


come 

poisoning. The 

ill effects 
Discussion At least 


trations of 


transitory concen 


chloride were at 


these 


sodium and 


tained in the serums of pigs equal to 
or in excess of those seen ill pigs poisoned 
by oral consumption of Nacl. However, 
the clinical and pathological pictures did 
not correspond to those when 
were fed the salt. It would appear, there 
fore, that there is a the 


mechanism by which these two methods of 


seen pigs 


difference in 
administration produce disease in the pigs 


The such 
large doses of salt probably produces acute 


intravenous administration of 
salt poisoning by dehydration of the cells 
and simultaneous 
equilibrium, as 


ionic 
postulated by Volker.*! 
Concomitant increase of intravascular pres 


disturbance of 


sures and systemic circulatory disturbances 


are indicated by the intracranial hemor 


rhagic and blanched areas in the kidneys 
of these pigs 
that the effects of massive 
yacl are produced immediately and that, if 


Che SILZTIS observed suggest 


transfusion with 


does not 


fatal 
animal 


death or occur at 
the the other 
to produce the characteristic clinical 


injury 


onee, recovers 


hand, 


and pathological pictures observed after 


oral administration of the Nacl, a period of 
up to six days is required during which a 
moderately high level of Nacl has probably 


been maintained in the digestis tract 


into the 


with 
blood 
high level is per 


COUTIMUOUS 

This 
haps necessary in order that the 
both may bec 


concentrated the 


absorption 


serum continued 


sodium or 


chloride, o1 ome suffi ently 


brain tissue to bring 


fy 
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about the changes and the signs which we 
associate with typical salt poisoning. 


EXPERIMENT 10 


A study of the reaction of brain tissue 
to injection of Nacl into the cerebral hemis 
pheres was considered as a probable ap 
proach to the understanding of the lesions 
in the brain in salt poisoning. 

It was decided to determine if the Nacl 
or its ions, alone or mixed with damaged 
brain tissue, could be responsible for the 
characteristic eosinophilic infiltration 
Methods, 


used, Pig 48 was given 1.0 ml 


Vaterial and Four Yorkshire pigs, 4 


months old, were 
of 4 per cent Nacl solution intracerebrally and 
xilled on the 


with 0.5 ml. of 20 per cent Nacl 


second day Vig 19 was injected 
in each cerebral 
hemisphere and, on the fourth day, it was killed 
Pig 50 received 0.5 ml. of a saturated solution of 
he misphe re and was killed 


Nacl in each cerebral 


on the fourth day. Pig 51 was given 0.7 ml, of 


saturated saline solution in the left cerebral 
second in 


died 


Seven days later, when a 


attempted, the 


he misphe re 


jection was animal under 


anesthesia 

All the 
sanguination, The 
All the 
deep anesthesia and aseptic technique. 

Results——Pig 49 appeared partially 
blind and tilted its head to the left after 
the operation. Pig 51 became cyanotic im 
mediately after the injection but recovered 
and remained clinically normal until eu 
thanasia. The other 2 pigs remained nor 
mal, 

Necropsy Findings.—The trephine 
in the skull and the incision into the skin 
were clean and healing in each pig. The 
site of injection in the cerebrum was read 
ily demonstrated by hemorrhage and blood 
pigment in pigs 49, 50 and 51 


were killed by eleetricity and ex 


pigs 
brains were fixed and sectioned 


surgical procedures were carried out under 


holes 


There was no 
punctures in 
break in the 
groups of erythrocytes 


Microscopic Examination, 
reaction around the needle 
the cerebrum of pig 48. A 
and a few 
were the only evidence of damage 


tissue 
Ilemor 
rhage had occurred into the injection site 
in pig 49. A few neutrophils were present 
and round cells had infiltrated 
apparent in the surrounding 
Hemorrhage with malacia had developed 
the site of injection in pig 50. A 
neutrophils and round cells 
filtrated the pink amorphous granular zone 


No reaction 
Was tissue 
around 
few had itl 
extending out from the puncture wound 


The cerebrum of pig 8 which had been 
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kept alive for seven days following injec 
tion of a saturated solution of Nacl, showed 
blood pigment, a few neutrophils, round 
cells, and an occasional eosinophil in and 
around the injection. The nervous 
in the cerebral cortex adjacent to the in 
jury showed increased cellularity. Microg 
lia had developed into compound granular 
corpuscles and were filled with fatty ma 
terial. Endothelial cells were swollen and 
capillaries had proliferated. No 
phils were associated with the blood vessels 
The this experi 
ment show that the mere presence of Nacl 


tissue 


COSTHO 


Discussion results of 
and damaged nerve tissue within the brain 


does not excite an eosinophilic reaction 


that 
The capillary proliferation and 


comparable to observed = in Nacl 


microghal reaction are not specific 


EXPERIMENT 1] 


The fact 


the early 


that 
changes the 


eosinophils characterized 
brain in salt 
poisoning led us to the hypothesis that the 
disease was brought 


really about by an 


allergic or sensitivity reaction. A search 
of the literature failed to reveal an account 
of the effects of iso-allergic encephalomye 
litis in swine 

Two Yorkshire pigs, 2 
injected in the axial region with pig brain 
and adjuvants. Four weeks later intra 
cerebral administration of emulsified pig 
brain in normal saline solution resulted jn 
incoordination and 
in death. The microscopic changes in the 
brain characterized by 
ation, infiltration of lymphocytes, and large 
round cells few neutrophils 
present but eosinophils were rarely seen 
this 
clinical 


months old, were 


paralysis terminating 
were demyeline 


were 


Discussion.—The results of 
indicate that both the 


experi 


ment and 


pathological picture of iso-allergie encepha 
differentiated 
from Nacl poisoning of swine 


litis in the pig are readily 


Discussion —GENERAI 


The 
clinical syndrome associated with the feed 
salted 
produced by 


results of these studies show that the 


fishmeal to 
simply 


ing of brine or swine 


can be adding pure 


Nacl to the regular ration of pigs and giv 
ing a limited but variable amount of water 


The 


an important 


toxins, thought by many to play such 


role in brine and fishmeal 


have been 


litth 


porsoning, may present in 


instances but these experiments leave 


X46 


doubt that Nacl, probably the sodium ion, 
The 


the condi 


vas the principal etiological agent 
role of water is important since 
tion did not oecur when an unlimited sup 
of fresh llowever 
by restricting the water supply the disease 
vas produced by the little 
aus 2 per cent of Nacl to the regular ration 
total The fact that 
propionate experimentally produced 


water Was 


viven 


addition of as 


Nacl 2.0% 


sodium 
the 
typical clinical and pathological syndrome 
ugvests that the sodium ion is responsible 

The picture of 
and the epileptiform 
with of the 
tw of neck 


running movements 


clinical deranged eon 


blindness 
twitching 


eizures beginning 


nose and progressing elonus 


muscles, circling oF 
opisthotonos 
the 

10 


Knterotoxemia 


retropulsion pleurothotonos 


salorrhea which characterize 


ol 


and 

Nacl 
this 
ol 


Nit | 


typical case 
he 

features of 


appears 


unique dlisease 


resemble certain 
Int 


animal ts 


adema PIs 


poisoning pical salt 
the 


does 


pomoning, however 


enous and hence not respond to ex 


ternal stimulh whereas a response Can be 


elicited and is often accentuated in an e 
terotoxemie pig 


The of the 


that the microscopic changes ino the 


results experiments indicate 
cere 
consisting of edema and eosino 
menigoencephalitis with 
Both the 
the blood 
nearly all 
This finding 
differential 


bral cortex 
philic malacia 
are pathognomont 
chloride 


cantly 


sodium and 


levels of were signifi 


elevated in our experi 


be oft 


Chagnosis 


mental animals may 


value in making a 
Chemical analyses of the stomach contents 
clid to reliable 


not prove he diagnostic 


Apparently Nacl is absorbed rapidly 


from the gastrointestinal tract 
The salt 
mains in doubt. Several facts revealed dur 


pathogenesis of poisoning 
ing the experiments must be cousidered of 
importance 

Phe 


pPomoning 


vndrome of « 


characteristic 


was not produced intravenous ad 


dose of Nacl 


feed 


and up to seven 


ministration of a solution 


It was necesvars sult for at least 


exper pig before the clinical and pathologi 


pictures ft awit 
ila 


iVailable 


ypieal ing 


produced 
did fresh 
continuously 


the 
then 


diseuse not occur wher write 


When 


first 


water wus restricted 


and given it intervals 


ired to 


more expel 


several inst the disense 
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and 


feed 


the high s 


pigs given and 
pigs | 

to raise and 
Iti the blood 
When 


avail 


It appeared to be 


necessar 
keep the concentration of salt 


of the pig high 


unlimited supply of 


stream lor a time 


vate! 


able 
rapidly 


Was 
large amounts of salt were eliminated 


¢ A 


sodium was 


high concen 
maintained in the 
the feed 
moderate restric 
the 

of 


exper. 4 
of 
blood by giving large amounts in 


ith 


tration 
exper, 2,3 
of 


water 


and » 
Ol by re 

in othe 
pel 


water intake stricting 


intake severely presence 


a lesser Nacl 
It has 


NACI 


it 
that 
disturbances 


shown by Behrens 
local 
gvastrocntert 
but 
intake 
after 1 
blood 
to 


been In 


potsoning osmotic 
changes have 
ol 

thy re 


alt 


ana no im 
death 


changes 


toxicosis and 
sult of 


has been 


portance 
after 
which 
into the 
be given 
the 


oral are 

he 
There 


pertinent 


taken 


ore, attention should 
intormation 
acl in the 


to 


regard 

blood 
the 

pres 
of 


pres 


action and fate of 


Cannon?’ attempted explain 
intracranial 


thi 


Progessive 


in 
following basis 
the injured Causing 
the blood further 
edema leading ultimately to anemia of the 
Ile 


tulated that brain tissue deprived of blood 


trauma on 


edema of brain 


sure on vessels and 


brain from vascular compression pos 


underwent chemical resulting 
pressure further 


the Ile 


that brains placed in normal saline solu 


change ‘ itt 


vreater osmotic and pas 


suge of water into tissues found 


continuously in weight 
Ile stated that 


causing 


tion imereased up 


to 35 per cent The main 


foree in swelling is OS 


probably 


motic pressure which, in brain tissue, may 
attain a degree so much greater than blood 
that the blood he 
prevented from entering the cranium Ile 


for injury 


pressure would really 


accounted from brain 
the 


recovery 
on the basis of diffusion of 
the 


products of 
destruction from 

The results of experiments by Weed and 
\eKibben suggested that a reduetion 
the of the followed 


venous administration of hypertonic saline 


volume brain intra 


ol solutions while 


hv potonn solu 


tions caused an increase in the intracranial 
The results of 

of Foley 
interpreted as confirmation of the 


Weed ana Mi Kibben 


that 1 al 


pressure Cushing and 


Kolev > and and Putnam were 


general 
They 
had 


conclusions of 


also demonstrated animal 


| 
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been concentrated saline solution 


given a 
the day before, 


ing the administration of 


the rise in pressure follow 


water a hvpo 


tonic solution) was more marked and of 


longer duration 
As a result of the foregoing experiments 
Nacl was recommended and used to reduces 
pressure fol 
Hoff «ke 
seribed a series of riments mm which he 
demonstrated that the 
some of its fluid content for a brief period 
while the salt was still present i the blood 
stream, but later, when the salt had passed 
from the 
which seem to have an avidity for sodium 
fluid into the cells 
swelling of the brain recurred to a 
than before the treatment 


the increased intracerebral 


lowing trauma llowever 


brain tissue gave up 


blood stream into the brain cells 


chloride flowed back 
ana the 
vreater extent 

Browder issued a warning. based largely 
against the use of 


bulk 


on clinical observations 
when the brain 
Milles and Tlurwitz 


secondary 


hypertonic solutions 
Was Increased 
improved apparatus, observed a 
reached a 
much higher than the They at 
tributed this phenome non to the fact that 
blood to the tis 


solute 


rise in which point 


pressure 


original 


the Nacl passed from the 
Subsequent elimination of the 


SUCS 


via the kidneys rendered the blood hypo 
tonie to the 


sittlation 


reversal of the 
fliricl 


thus a 


original occurred 
passed back snto the tissues 

Jackson ef al.' also observed a secondary 
rise, more marked with Nacl than with glu 
vhich they attributed to an 
lation of the salt in the brain cells. They 
that 
cortex of the 
may lead to atrophy of the 
nerve cells by 
fluid and biood flow 


Masserman 7! 


cose 


suyvested prolonged pressure on the 


brain may result which, in 


turn cortical 


restriction of cerebrospinal 


redue 
uiter 


solution Was 


that the 
tion in cerebrospinal fluid) pressure 


al 


administration of hypertonic 
due both to a resorption of spinal fluid and 
to a diminution in the volume of the nei 
itself 


cerebrospinal fluid pressure to normal and 


vous tissue Conversely, the rise in 
subsequent to the period of ct 
pression would, theoretically, be due to the 
fact that the blood, through the loss of its 
solutes in the had 
rendered hy potonie to the ners 
The 
inerease in 
level that 


higher 


urine meanwhile been 


ous 


reason given by Masserman for the 
above 


then 


pressure to 


hile 


premyjection 


levels in the 
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blood d 


posited the 


were high, dextrose or Nacl wa 
thus, com 


blood 


subsequently 


TISSUeS: 


edema resulted when the 

level of the 

duced 
Bulloch ef al 


the intracranial 


pensatory 
solute was 
compared the effects on 
nitravenou 
The 
three 

exceeding it by 40 


pressure of 


injection of glucose and Nacl pres 


sure was reduced for two to hours 


then rose above normal 
Ringer's solution in the case ot 
and 110 mm 
Wilson ef 


Nacl 


mim, of 
Time d 
clilvite 


works rs 


when Nacl was 


miplor there 
than 


secondary pres 


solutions of previous 
did not observe the 
sure in anesthetized dogs 

that, « 


hi 


would 


In summary, it appeal 


cept tol those of very low 


hvpertonie solutions of dextrose ana 


initially reduce, but secondarily increase, 


the intracranial pressure the secondas 


increase beme due to «liffusion of the 
ana subsequr 


blood 


hh to thie 


solute into the brain tissu: 
imbibition of fluid when the 
ceretion thie 


through 
renal 
ur eXpermments, the amount of 
large and 
intake Thus, the level 
chloride in the blood 
could be 


consumed by the pigs was 


water was reduced 
of sodium lacking 


the vehicle in which it elimi 


nated, rose and remained high. [t is reason 
able to assume that, by the process of im 
peded diffusion, the salt or its tons 
the blood 


concentrated 


barrie and 
yraduall but 
" By 
odin 
blood A 
further diluted the 
There was a lag period in the trans 
from the back to the 
to that occurred 
brain The net 


ve 
renal exeretion 
hlor 


quantity ol 


in the nervous tissue 


the concentration of and 
was reduced in the 
water given at this time 
blood 
ler ol 
blood 
the entered the 


these 


similar which when 
result 
conceivabl 


The 


manifested b 


tinder conditions 


result in massive edema of the bram 
fact that the 
the experimental pigs, in 
after fresh wate 

ailable 
observed microscopically in the 
died short after the onset of 
tends to support such a proposition 
location of thr 
could be 


and destro 


sighs were not 
eral 
until abuncdanes 


made a and that severe edema 
cerebrun 
of pigs that 
The foeal nature 
diffieult to « 
edema Is more severe 
that part of the cerebral cort 


walls of the sul TI 


wna 
lesions are xplain, It 
that the 
tisstie in 
forming the vould 


445 


concentration of the sodium 
Certainly, the cortical tis 


layer which 


presuppose a 
in these areas 
for the molecular 


stile 


except 


was less severely injured, is a highly spe 


tissue and hence more sensitive to 


The 


Jackson ef al” regarding increased intra 


clalized 


suggestions of Cannon® and 


ssure leading to edema, anemia 


highly 


some application here. It 


cranial pre 


and although speculative 


vould 


determin 


murs 
may have 
be of interest if 
whether the focal 
were the parts of 


one eoutld 


areas Of malacia ob 
erved the cerebral cor 
tex most likely to be deprived of their blood 
supply of blood 
The neurones in the areas involved are 


highs which 


rendes usceptible to 


pressure reduce flow 


cle veloped and active would 
them 
As pointed out by 


rmanently 


more 
through lack ol oxveen 
Mekarland 


damaged if it 


cortical tissue os 


is deprived of oxygen for 


more than five to ten muniute while, in 


other parts of the central nervous system 


irre ve rsible changes do hot bevin fo occu! 
for periods of up to 30 minutes 
that 


of anaerobie glycolysis in 


Utter has proved sodium 18 


trong tbhibitor 
brain through stimulation of conversion of 
adenosinetriphosphate to adenosinemono 
rate of 
The 


AMP inhibits 


phosphate (AMP) and a decreased 


removal of amp by phosphorylation 
resulting accumulation of 


ven supply 


COLVSIS combination of reduced oxy 


from inereased intracranial 


pressure and inhibition of anaerobic 
damage to 


this im 


viveolysis may account for thi 
the brain in Nacl poisoning 
also an inhibitor of It 
then 
should be superior to Nacl in pro 
An additional 
hood 

a few davs on high salt 
tend to lower the blood 
secondarily, the level 


hibitory effeet is a factor sodium 
ducing salt poisoning eon 
intake 


feed 


and 


sideration is the reduetion of 
utter 


would 


by 
which 
brain sugar 
The almost exclusively 
filtration is not explained on thi 
experiment 10, the brain was 


thout 


price 


damaged in the presence of Nacl w 


eosinophils appearing in significant mum 
ber Such 


phil 


selective attraction of eosino 
CHISITIVITS 
salt 


role of 


outside of allergie and 


iS almost unique in sodium 


poisoning and may be a clue to the 


these cells in the bods 
Selve ™ observed that chronic treatment 
after 


with desoxy corticosterone especially 
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sensitization by unilateral nephrectomy 


and a high sodium intake, caused severe 


lesions in the brains of 


edema of the 


and permanent 


rats In young rats, massive 


cerebrum was suggested as the cause of 
death Kdema 
characterized the lesions 
These lesions re 
Varad of head and 
and salivation The 
terminated by the 


floor it 


and liquetaction necrosis 
cerebral 
eortex in ¢lonus of 


neck muscles, back 


houlders, was 


fall 


attack 
frequently animal 
ing to the 
SClOUS State 

The 


experimental pigs ren 


an apparet tly 


calcium level se oul 
norm It Is 
deficit is 


usually in the 


unlikely, therefore, that caletum 
an tinportant facto alt 

Determination of the cerebrospinal fluid 
contents of the 
during the production and course of 
fruitful 


termining the 


pressures and the sodium 
brains 
this disease may prove to be lines 


of investigation exact 


pathogenesis of sodium salt potsoning 


SUMMARY AND C¢ 
and observations re 


corded in 


experiments 
this 


pix 


salt 
first 
recognizable 

The 


experiments in 


paper ¢ sodium 
apparently for the 
clearcut, readily 
well 

from the 


seem to warrant the fol 


time, as a 


pathological as as clinical entity 


results obtained 
volving 93° pigs 
lowing conclusions 

1) The clinical s associated with 
the feeding of meat, fish salted 
fishmeal to swine can be produced by add 
chloride Nacl) to the 
limited 


ndrome 


brine or 


Ing pure sodium 


regular ration of pigs, and giving 


but variable amounts of water 


2) The 


volume 


ree iprocal etiologi 


sodium ion and body 


disturbance are 


cal factors in salt poisoning of swine 


The toxins thought by many to play 


an important role in brine and fishmeal 


purely 


eontent the 


poisoning, If present at all, are 
The 5 acl 
etiological agent 

+) The 
clusion of as low a 
swill 


») Twenty per 


dental principal 


cdlisease i be produced by in 


»> per cent Nacl in the 


when water intake is restricted 
solution ol 
t-month-old 


(im. per 


eent aqueous 
Nacl, given by stomach tube te 
at the kilogram 
of body death, and 1.8 


(im. per kilogram of body weight will pro 


rate of 2.2 


pigs 


weight, will 


cause 


duce epileptiform seizures. Such values are 


— 

| 
| 

The 

= 
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will 
water 


according to the 
available to the 


relative and 
amount of 
pigs. 

6) Sodium propionate, in a 4 per cent 
concentration in the feed, will cause clini 
cal and pathological manifestations iden 
tical to those seen in the experimental pigs 
poisoned with Nacl. 


vary 
made 


7) Pigs can tolerate a high sodium salt 
intake when fresh water is available at all 
times 

8) It is to keep the level of 
sodium in the blood high for a time before 
the syndrome and lesions of classical salt 


necessary 


poisoning will occur. 
9) The intravenous 


of single large doses of 20 per cent aqueous 


Injection into pigs 
solution of Nacl causes major circulatory 
evidenced by infare 
hemorrhage, and death 
The typical syn 


disturbances renal 
intracranial 


respiratory 


tion, 
from 
drome of salt 
produced in this way. 


arrest 
sodium poisoning was not 
10) Macroscopic lesions in animals poi 
soned by salt are nonspecific 
11) The 


cerebral cortex, consisting principally of 


microscopic changes the 


edema and eosinophilic meningoencepha 
litis with malacia, are pathognomonic of 
poisoning by sodium salt in swine 

12) The lesions which oceur in isoaller 
gic encephalitis in pigs do not resemble 
those seen in sodium salt poisoning 

13) The injection of Nacl into the cere 
brums of pigs does not result in infiltra 
tion of eosinophils 

14) Both the sodium and chloride levels 
in the blood Nacl 
valuable differential diagnostic aids 


15) An 


onset of 


serum in poisoning are 
accompanies — the 


during the 


eosinopenia 
and 
of the disease. An 


SITS persists 


course increase In the 
number of eosinophils signals recovery 


16) Blood serum calcium levels are nor 


mal in pigs suffering from excessive intake 


of sodium salt 
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Strain Variation in the Response of Sheep Nematodes 
to Action of Phenothiazine. 
lll. Field Observations 


S. E. LELAND, Jr., Ph.D.; J. H. DRUDGE, D.Y.M., Sc.D.; 
Z. N. WYANT, B.S., A.M.; G. W. ELAM 


Le rengron, NKentue iu 


THe erricacy of phenothiazine 
anthelmintic for gastrointestinal sheep 
nematodes has been established both thera 
peutically and prophylactically 
Continued effectiveness of phenothiazin 
salt mixtures, over extended periods, has 
been observed by several workers 
Hlowever, concern exists over the selection 
of drug-fast strains of nematodes from the 
prolonged and intensive use of this com 
pound 

Numerous reports from sheepmen of the 
central Kentucky region, together with 
information from the departmental diag 
nostic laboratory, suggested that phenothi 
azine Was no longer effectively controlling 
the parasites of sheep. Indeed, some sheep 
men have discontinued its use as a drench 
while others have discontinued the salt mix 
ture Therefore, studies were undertaken 
in an attempt to offer some explanation for 
the apparent failure of phenothiazine.* 
The field studies, which were mentioned 


briefly in an earlier paper* and will) bi 
reported here im detail, were purposel) 


withheld pending confirmation by more 
adequatel controlled laboratory exper! 


ments.’ 
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LELAND—Drupat 


data from the 


Weather 
, and though incorporated in graph 


Climatological were obtained 


U. 8. Department of Commerce sureau, 
la Lington, Ky 
only, apply 

The 


considerably 


to all graphs (1 to 7 
field 
dependent on the 
flock 


choice of the 


reliability of a study of this type is 


interest, reliability, 


ind cooperation of the ind their 


The 
addition to the 


owners 


hired help above farms 


wis 


made, in varying phenothiazine 


with this consideration in mind, It is the 


that the 


usage, 


iuthors’ opinion information obtained 


regarding dates, dosing, and availability of salt 


mixture is entirely relable 


Since one of the objeetives of these field trials 


s to assess the relative values of the different 


parasite control medications used on the three 


farms, no changes in their medieation program 


vere instituted by the authors 
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RESULTS 


individual 
animals of the respective flocks, were aver 
for date and are 
presented the pertinent 


The worm egg counts of the 


aged each collection 


together with 
medications in graphs 1 to 7 
The farm K graph 1 
were drenched on two occasions with Cunte 
by the 
only 3 with high egg 
counts (30% of drenched in 
September, 1954. A sharp reduction in egg 
counts was observed following each drench. 


breeding ewes 
Because of a misunderstanding 
herdsman, ewes 


ewes were 


It is of interest that the highest egg count 
peak occurred in this flock while the ewes 
had access to the phenothiazine-salt 
ture 


The 


mix 


three phenothiazine-lead arsenate 


FARM K EWES 


O-—--O TOTAL COUNT 
TOTAL MINUS STRONGYLOIDES 
HAEMONCHUS = 


TREATMENT ‘1-9 PHENOTHIAZINE-SALT PLUS 
DRENCHES WITH COPPER SULPHATE-NICOTINE - 


| DRENCH (HIGH COUNT EWES ONLY) 


are 
| 


i 


I 


( 


4 A. 


PHENOTHIAZINE-SALT 


fl 


4 r 


DEC JAN FEB M 
1954 


Graph 1 


+ 
APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR APR MAY 


1955 


Effect of phenothiazine-salt mixture and copper sulfate-nicotine sulfate drenches on 
the average nematode egg counts (eggs per gram of feces) of farm K ewes 


Egg counts were 


made at approximately two-week intervals 
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RESPONSE OF SHEEP 


drenches employed on farm 8 ewes (graph 
indicated by a 
subsequent reduction in the egg count. The 
marked difference between the 1954 

1955 spring rises in egg counts was due, at 
part, to the drought 
which existed in 1954. The climatological 
data (graph 3) show that the precipitation 
varied approximately from one half (Feb., 
1954 KFeb., 1955) the average of 
the preceding 54 years. This difference in 


2) appeared effective, as 
and 


least in conditions 


to twice 


spring rises was also experienced in 
farm B ewes 

farm b 
drenched four times during the ob 
servation period. The first drench (QOct., 
1953) was given just prior to the first fecal 
collection, so comparison of the pre 


The breeding ewes of graph 3 


were 


and 
post-treatment egg counts was not possible 
It is likely that the egg count for that time 
of year level, so 


was at a low little or no 


NEMATODES 


TO PHENOTHIAZINI 


could be 
drench 

duction in egg count 
period during which the 
considered responsible. At the 


reduction expected Following 
March, 1954), no re 
occurred within the 


could be 


the second 


drench 
time of this 
second drench, the phenothiazine salt mux 
ture was made available. The 
time of the third drench were of a low 
However, the fourth 

1955, administered 


counts at the 


drench, in 
when the 


order 


April, 


Was 


average Haemonchus count was 3,500 e.p.g 


there 
addition, the 
phenothiazine-salt mixture was available to 
following the fourth 
The difference in egg count 
1954 1955 

in farm S ewes 

each of the 
nicotine sulfate drenches of farm kh 
(graph 4), a reduction of the 


this drench, 
erease to 7.700 eps In 


Following was an in 


the ewes drenching 
peaks in the 
springs of and was similar to 
that 

Following 
fate 


lambs 


four copper sul 


“aver 


T T 


FARM S EWES 
TREATMENT: ORENCHES ONLY, 


10,000F TOTAL 


COUNT 


O—O HAEMONCHUS 
9000 


apoo 


PHENOTHIAZINE—LEAD ARSENATE 


O--O TOTAL MINUS STRONGYLOIDES 


NOV DEC JAN FEB MAR APR MAY JUN JUL Aue ‘SEP oct NOV vec JAN FEB MAR APR MAY 


1954 
Graph 2 
(eggs per gram of feces) of farm S ewes 


Effect of phenothiazine-lead arsenate drenches on the average nematode egg counts 
Egg counts were 


made at approximately two-week 


intervals 


ROS 
= ' 
7,000 
a 
w 
a 
6000 | 
© 3p00 
= 
2000 5 | 
1955 


W 


age egg count was observed. Although the The egg count ai the time of the April, 
drenches were effective, there was a tend 1954 drench was at a low level and a dis 
ency for the general level of parasitism tinet reduction was not observed. Although 
to increase during this period when the the egg count continued to decrease 
phenothiazine-salt mixture was available. through October and into November fol 
The egg count began to rise again in Mareh, lowing the October 4 drench, it ts unlikely 
1955. but it is difficult to credit this rise to that a single drench would have had this 
the absence of the salt mixture alone, since prolonged effect 
this was also the period of increased pre At farm B, it was the management prac 
cipitation and optimum temperatures tice to separate the ewe and ram lambs 
yraph 3 A rise in the egg count was after weaning July 4 and, since the 
also observed in farm S lambs during this treatments and dates of treatment varied 
period and no salt mixture had been used with each, they are treated separately in 
The farm S lambs (graph 5) were the present discussion. The ewe lambs 
drenched five times with phenothiazine graph 6) were given eight drenches (6 
lead arsenate. Following four drenches, a  phenothiazine-lead arsenate, 1 copper sul 
noticeable reduction in egg count occurred fate, and 1 Cunic) and the phenothiazine 
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FARM 68 EWES 
TREATMENT’ PHENOTHIAZINE—SALT PLUS 
ORENCHES WITH PHENOTHIAZINE—LEAD ARSENATE 
TOTAL COUNT 
O-- MINUS STRONGYLOIDES 
HAEMONCHUS 
+ TOTAL MONTHLY PRECIPITATION(WATER EQUIVALENT IN) 54 YEAR AVERAGES 
F MAXIMUM—MINIMUM TEMP. F , 54 YEAR MONTHLY AVERAGES 
« (MONTHLY AVERAGES) STUDY PERIOD 


PHENOTHIAZINE —SALT 


m 


4 
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1954 1955 


Graph 3—Effect of phenothiazine-lead arsenate drenches and phenothiazine-salt mixture on the 

average nematode egg counts (eggs per gram of feces) of farm B ewes. Egg counts were made 

at approximately two-week intervals. The numbers at the top of the graph indicate the varia 
55 


tions in precipitation and temperature from October, 1953 to May, 1955; these data apply 
to all graphs (1-7) 
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TABLE 1- 


Percentage 


salt 
one-year 


the 
spite ot 


was available throughout 
observation period In 
the medication program 
May August, 1954, the 
Hlaemonchus egg count reached a 
about 8,000 in September 
unexplained drop in the 
curred, but by November it had returned 
to an average of 5,500 


mixture 
intensive from 
through average 
high ot 
At this time, an 
egy count o¢ 
The administration 
of a Cunie drench in November reduced the 
Of interest 
the build-up of Strongyloides, which 
the 


average count to 100 e.p.g Was 
Was 
also observed in ram lambs on this 
farm 

The ram lambs 


drenches 


(graph 7) were given 1] 
8 phenothiazine-lead arsenate, 1] 
copper sulfate, 2 Cunic) and the phenothia 
zine-salt mixture was available from May 


SHEEP NEMATODES 


ro PHENOTHIAZINI 


of Larval Development 


ra 


November, 1954. The August 2 
phenothiazine drench was quite effeetive in 
reducing the 
the June 30 


March 14 


ereases 


through 


average count, whereas 


August 25, September 28, and 


drenches followed by in 
the 


1) drench, however, the first post 


were 


egg counts In the case of 
the June 
treatment reading was made US days utter 
treatment. This would have been sufficient 


time for worms acquired after treatment 
The 
were 
the 


to become xually 
sulfate 
consistently 


mature patent 


copper and drenches 


followed by reductions in 
eount 
The 


summarized 


euy averages 

the larval 
table 1 The 
centage of larval development of each ani 
The data from 


results of cultures are 


average pel 


mal and each flock is listed 


FARM K LAMBS 

TREATMENT! PHENOTHIAZINE-SALT PLUS 
ORENCHES WITH COPPER SULPHATE — 
MICOTINE SULPHATE 


O—Orotat count 


O--OTOTAL MINUS STRONGYLOIDES 


natwoncnus 


PHENOTHIAZINE- SALT 


Xo DRENCH 


A. 


A. A. 
May JUNE aue ser ocT 
4 


Graph 4 


nov 


A. A. 
dan ree war May 


Effect of phenothiazine-salt mixture and copper sulfate-nicotine sulfate drenches on 
the average nematode egg counts (eggs per gram of feces) of farm K lambs 


Egg counts were 


made at approximately two-week intervals 
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cultures made within one week following a 
drench were not included in the averages. 
The cultures were made from portions of 
the same fecal sample collected for the egg 
counts. 

Cultures were made from 2 lambs from 
farm K during July through March, and 
the flock average while on the phenothi- 
azine-salt mixture was 20.7 in contrast to 
52.2 per cent larval development while off 
the mixture, Cultures from 3 lambs from 
August to December on farm 8S resulted 
in an average of 33.5 per cent development. 
On farm Bb, cultures from 3 lambs from 
July through March, while the phenothi 
azine-salt mixture was available, gave an 
average of 50.0 per cent development. 
Since the ewe lambs were on the salt mix- 
ture throughout the observation period, 
only the averages for the ram lambs for 
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the period off the salt mixture were avail- 
able. This was 65.8 per cent development 
as compared with the average of 74.0 per 
cent while on the mixture. 

Cultures from 4 farm K breeding ewes 
were made from May through March. The 
average development 14.9 per cent 
while on the salt mixture and 96.1 per cent 
while off the salt mixture. Cultures made 
from May through March from 3 breeding 
farm S 


Was 


ewes from 
of 41.9 


from 


resulted in an average 
per development Cultures 
3 farm B ewes from May through 
August, the entire time of which the salt 
mixture was available, averaged 43.9 per 


cent development 


cent 


DISCUSSION 


Usually, it is not possible to arrange the 


experimental design of field studies in 


FARM S LAMBS 
TREATMENT, ORENCHES ONLY 
PHENOTHIAZINE—LEAD ARSENATE 


Om—-O TOTAL count 
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Graph 5—Effect of phenothiazine-lead arsenate drenches on the average nematode egg counts 


(eggs per gram of feces) of farm S lambs 


Egg counts were made at approximately two-week 


intervals. 
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order to control the many variables that 
exist. Nevertheless, field studies are im- 


portant, in that they correlate the usually 
more technical laboratory experiments 
with the practical procedures employed in 
the field. 

In the present study, an attempt was 
made to evaluate, by periodic parasite egg 


larval cultures, the medicinal 
control procedures of the three farms us 


counts and 
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ing various combinations of phenothiazine 

It is difficult to draw conclusions regard 
ing the relative values of the phenothiazine 
salt mixture on the various farms since the 
daily salt consumption of the individual 
animals was not measured and, therefore, 
the individual daily intake of phenothi 
was not known. However, on the 
farms the salt mixture was 
sumed in approximately the recommended 


azine 


Various con 


FARM B EWE LAMBS 

TREATMENT PHENOTHIAZINE SALT PLUS 
OMENCHES WITH COPPER SULFATE (CU $04 }, 
PHENOTHIAZINE “LEAD ARSENATE (PHENO AR), 
COPPER SULFATE MICOTINE SULFATE (CUMIO) 
O--—O 
O----O 


TOTAL COUNT 


TOTAL MINUS STRONGYLOIDES 
MHAEMONCHUS 


PHENOTHIAZINE-~SALT 


DRENCKH PS an 


PHENO PS AR 


ORENCH 


CU 
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ORENCH 
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Graph 6 


Effect of phenothiazine-salt mixture and copper sulfate, phenothiazine-lead arsenate, 


and copper sulfate-nicotine sulfate drenches on the average nematode egg counts (eggs per gram 


of feces) of farm B ewe lambs 


Egg counts were made at approximately two-week intervals 
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daily dose (0.5 Gm./head) as estimated by 
total flock consumption 
It Is of 


the egg count curves of farms S and B ewes 


practical significance that ] 


were quite similar although the phenothi 
azine-salt mixture was not used on farm S 
2) the average egg count of farm K ewes 


reached its highest peak while the medi 


cated salt was available (just how much 


WYANT 


ELAM 


the average count would have been 
the salt mixture 
cle spite the repeat 
high 

the 


higher 


in the absence of was not 
and 


of farm B 


determined 


evo 


salt 


drenchings lambs, 


count averages developed while 
mixture was available 


With 


sheep on Farm K showed definite beneficial 


respect to larval development, 


results from the use of the salt mixture as 


wo 


#000 


=O 


PHENO- PB AR 


PHENOTHIAZINE — SALT 


T T T T T 
FARM 6 RAM LAMBS 
TREATMENT PHENOTHIAZINE — SALT PLUS 
ORENCHES WITH COPPER SULFATE (CUSO, 
PHENOTHIAZINE “LEAD ARSENATE ar) 
COPPER SULFATE ~WICOTINE SULFATE (CUMIC) 
TOTAL counT 


TOTAL MINUS STRONGYLOIDES 


Haemoncnus 


CUNIC 


| 
| 


PHENO- an 


USO, 
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ORENCH 
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RENCH 
DRENCH 
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Effect of phenothiazine-salt mixture and copper sulfate, phenothiazine-lead arsenate, 


and copper sulfate-nicotine sulfate drenches on the average nematode egg counts (eggs per gram 


of feces) of farm B ram lambs 


Egg counts were made at approximately two-week intervals 


= 
7 poo | 
id / \ | \ 
| | | | 0 
by 
I! | ‘ A / 
| rh: ( q 


RESPONSE OF 


measured by the increased larval develop 
when the 
though data are 
during which farm B sheep were off the 
medicated of farm B 
with farm S averages reveals that a higher 
the 
on farm Bb when 
farm S 
used. <A 


while on 


ment drug removed Al 


for the period 


Was 


salt, a comparison 
larvae 
the 

where 


percentage of were developing 


drug was available 


than on phenothiazine-salt 
farm 
farm Kk 
per 
about 


Was not comparison of 
the 


lambs while off the drug 


lambs drug, with 
indicates the 
centage deve lopment averages were 

the 50.0 
It should be emphasized again that the salt 
the 


measured, therefore, the exact 


sume and 92.2%, respectively 


consumption of individual lambs was 


not amount 
of phenothiazine consumed by each animal 
Further, to what extent the 
farm B oor 
have developed in the complete absence of 
the salt 
present 


is not known 


parasitism of lambs would 
mixture was not ascertained in the 


field 


plications, however, can not be ignored, t+ 


trials. Certain practical im 
the case of farm B where, with the pheno 
salt 
sive phenothiazine drenching program, egg 
larval development 
to be In excess of what would be expected 


thiazine available and with an exten 


counts and appeared 
Haemonchus predominated on all three 
graphs 1-7) throughout the obser 
Vation period, except on farm B, where thi 
lambs showed a build-up in Strongyloides 
that 0.1 
lb.-therapeutie doses of phenothiazine 
Hacm 


This is 


comparable 


farms 


Previous reports indicated 


(im 
would, in most remove all 


CHSES 
chus contortus trom adult sheep 
the 


used On 


below dose 
(im lb 
Giordon 


Ob 


considerably 
level of 0.25 
kurther 


in doses of 


farms S and 
found phenothiazine 
(im. 0.27 Gm./lb 

highly efficient in destroying immature, 10 


l5-day-old Therefore 


the egy count following the rapeuth dose 


and fortus 


Con 


of phenothiazine would not be expected to 


substantial before a time 


had elapsed equal to the 


Show a 
prepatent 
less than 10 days old: and 


ak production occurs 20 to So days 


period 


wortus 


ction, egg counts made as late as 
should show 


the drug if the treatment 


drenching still 


essen} observations without ‘ 


soclated a marked reduction 


averages following therapeuti 


nie of tarm Ix eCWes and 


B lambs 


treatment w ( 


Slight eve count 


NEMATODES 


ro PHENOTHIAZINI 


reductions were observed following the use 


farm B ewe and ram 
farm 


was the 


of copper sulfate im 
In the 

thiazine drenching 
control, the 
duced 


lambs where 


sole medicinal 


eyy count averages were re 


following treatment almost without 
On the other 


thiazine drenches were used on the 


exception hand, when poh no 


farm 


ewes, ewe lambs, and lambs, not only 


did the 


eHses lo 


rai 


average count fark mine 


show decreases but Ii many 


shows d marked 


reases 


Considering the extensive drenching 
farm 13, the 
phenothiazine drenches (in 
the 


nothiazine 


program on apparent farbure 
of the 
to the 
able 
drenching on farm S 
tolerance of the 


with the 


ceoutrast 


with Cus favor 


SUCCESS 
results obtained with 


controlled 


would seem to 


cate a drug VoOrtns 


would be in keeping 
laboratory experiments reported in pre 


this same stram of 
threshold 
than a control str 


both iy 


been thi 


VIOUS paper in Which 


worms was found to have a four 
to eight 
Kurther 


tures 


times higher Hin 


phenothiazine salt mix 
and in dreneches, ha 
control medication uth 


the 


sential | 


“at 
on farm B for 


ten vears precediiy 


study 
SUMMARY AND 


Three 


which 


the central Kentuck 
cliffs rent 


deyvrees ot 


farms i 


area used medicinal pro 


cedures with varying 


no 


thiazine for the control of nematodes i 


sheep were selected and the parasite 


ture, as indicated by worm 


eyy counts 


larval cultures, was followed for an 
month period 

On drenching 
fate sulfate 
reduction in the worm 
While a high 
developed when ph 
available the 
ing larval development 


With phenothiazine dren 


effective 


with per 
followed — by 


eounts im 


farm Ik 
nicotine Wis 
averayve evy 


nothimzine-sal 


drug was 


hing as t 


medicinal control readuetio 


eount averay obse! 
13 
drenching progt 
coppel 
misistentiy eff 
drenches 
failed 

several 

treatn 


veloping 


_ 

|| 
.. 
|) 

— 

14 da 
heavy 
thee 
fa | farm lambs wh 


zine-salt was available was about the same 
(while off the drug) 
and higher than in lambs on farm S, where 


as in farm K lambs 
this mixture was not used 

Considering (1) the extensive drenching 
utilized on farm B; (2 
failure of the phenothiazine 
Lb, while the 
{ and commercial preparation of pheno 


program 


parent 


the ap 


drenches on farm same dose 


rat 
thiazine was successful on farm S; (3) the 
SLICCOSS with Clune drenches on 
farm B; (4 


centage of larval development on farm B 


eons’ ste 
the comparatively high per 
with phenothiazine-salt available; and (5 
a ten-year history of extensive phenothi 


farm B; it would seem 


azine utilization by 
that the worms from farm B had developed 
a tolerance to the drug. This observation is 
compatible with the controlled laboratory 
strain of 
reported in the 
of this series 


findings for the 
strain B 


saine WoOrtts 
earlier papers 


These observations are not 


regarded as sufficient evidence to justify 


discontinuance of 
drenches or salt 
would be 


veneral phenothiazine 
However, it 
especially in flocks 
with a history of parasite problems, to al 
ternate phenothiazine with Cunie drenches 
and to make the salt 


mixtures 
advisable, 


mixture available 
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Symmetrical Cortical Siderosis of the Kidneys in Goats 


SHOWKET AL ZAHAWI, M.D. 


Baghdad, I) aq 


THIS PAPER further investigations 


into the occurrence of symmetrical cortical 


reports 


siderosis of the kidneys in the goats of 
northern [raq.*® There appears to be no 
similar condition medical or 
veterinary medical The object 
of our investigation was to discover why 


reported in 
literature 


this condition is confined to goats and why 
it appears to be found only in 
Iraq. The mountains of northern Lraq and 
the borders of Persia, which are accessible 


northern 


only to goats, are rich in copper and iron 
apparently lack cobalt, 
iron can not be assimilated 


compounds but 
without which 
by the body.'® The vitamin By» 
ment is higher for sheep and goats than 
for other animals, but normally, when there 
is adequate cobalt in the diet, it is met by 


require 


bacterial synthesis in the rumen.** 


testes, lymph nodes, and suprarenals of 12 
goats were examined 

At necropsy, the 
found to be slightly 
capsular adhesions; the 


pigmented kidneys 


were enlarged and 


without surfaces 
There were no hemorrhages 
The 


Was a 


were smooth 
infarction characteristi 
finding 


hemosiderin in the kidney cortex, causing 


or areas of 
deposition ol 
it to be a deep brown or blackish color 
l In mild of this 

» iron was located inside epithelial cells 
kidneys, the epi 


CASES condition 

heavily pigmented 
thelial cells of the proximal 
tubules showed both diffuse and 
forms of iron deposition, accompanied by 
cloudy swelling of the epithelial cells with 
The lumens of 


convoluted 
vyranular 


some nuclear degeneration 
the tubules were filled with desquamated 


Fig. 1 (Left to right)—Typical goat kidney showing cortical siderosis; cortical siderosis after 
massive staining with Prussian blue; normal goat kidney for comparison 


INCIDENCI 


This disease was present in 26 (3.6% 
of 729 examined in the slaughter 


yoats 


house The ayes of the diseased yoats were 


from 2 to 5 years, and more females than 


males were affected 


The kidneys, liver, spleen, pancreas 


cells and homogenous fluid, giving a faintly 
Eve 


there 


positive reaction with Prussian blue 
in these heavily pigmented kidneys 
were no lesions in the glomeruli or the col 
lecting tubules 

The liver 
pigment 
rarely, in hepatic cells (fig. 4 
dilitation of the 


swe lling 
cells 
The re 


veins, but 


showed cloudy 


iron inside Kupffer 


central no ¢ 


denee of at proce 


4 
| 
ry 
. 
mt Zaha prof r of path Royal Faculty of 
Med tor VPathole Inatitut 


SHOWKE'T 


Fig. 2—Iron deposition in the convoluted tubules, 

glomeruli, and medullary tubules, free of pigments. 

Stained with Prussian blue and hematoxylin-eosin; 
x 70 


was also found toside the 
cells the 


and pulp of the spleen (fig. 5 


pigment 


reticuloendothelal sinusoids 
, and in the 
snusoids and reticuloendothelial cells of 
lymph nodes 

An unexpected finding in male animals 


was complete or partial necrosis of the 
epithelial cells of the seminiferous tubules 
of the 


being 


interstitial cells 


positive 


testes (fig. 6), the 
The 


Prussian blue test 


normal testes gave a 
Testicular atrophy ov 


curred in 7 of 
The 


howed negligible changes or were 


12 goats 


suprarenals, pancreas, and lungs 
normal 


in structure 


From preliminary chemical analyses, we 
suspected that the cause of these lesions of 
and 

deposition in the 


the kidney testes Was 
and copper 
Chemical examination 
this, for high levels of 


found in all the viscera with particularly 


Tissues 
appeared to con 


firm copper were 


large amounts in the testes. Experiments 
on feeding copper and iron to goats were 
carried out to test this hypothesis but they 
did not produce lesions in the cortex simi 
lar to those of spontaneous bilateral cortical 
There therefore, be addi 


factors in the cause of the 


silerosis may 


tional chetary 


Possibly a deficiency of cobalt is 


disease 


such a factor. Soil sumples, brought from 


northern regions of Traq, contain copper 


compounds up to a level of 4 per cent and 


iron compounds up to a level of 


per cent. The goats in search of 


food in these regions dig into soil rich in 


ZAHAWI Am 


1. Ver. Kees 
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Inorganic iron and copper compounds in 
order to get the roots of the plants, which 
Other 


foodstuffs eaten by goats include spinach, 


contain them, especially in winter 


millet, parsley, and mustard, a diet which 
More 
over, these goats live on dry food collected 
The iron 
compounds found in these foods probably 


iIsrich in iron, but poor in protein 
from ground deficient in cobalt 


pass through the intestinal wall unchanged, 
to reach the kidneys. In the kidneys, the 
through the ruli to be 
deposited inside the cells of the proximal 
tubules in the way that 
injected carbon particles do It may be 
that in this 


more or 


Iron passes glom 


convoluted same 
1.4 
changes are 


cells of the 


way the tissue 
limited to the 


proximal convoluted tubules 


less 
The absence of necrosis and hemorrhage 
nor 
The 


compounds in the cells 


indicates that neither spasm 


any vascular thrombosis is present 


ferric 
of the proximal convoluted tubules is irre 


presence of 


versible and may be the cause of the hyper 
trophy of the The 


disease 


basement membrane 
iron does not apparently cause 
discomfort to the animals, 
ferritin to the blood. 
The ferritin 
IS supposed to be found in connection with 
1s, 21 


any 
or functional 
unless it 


pass S HS 


when it becomes harmful 


hemosiderin 


Fig. 3—Thickened basement membrane with abun 
dant iron in convoluted tubules. Stained with 
Prussian blue and safranin; x 70. 
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SIDEROSIS OF THI 


Continued injection of blood into rab 


bits (as well as prolonged periods of oral 


and injection of 
produces 


iron, 
mice 


administration of 
colloidal iron, to 
siderosis but not 

Finch ef al 
in rats fed a diet deficient in phosphates 

Kinney ef al 
after administration of a diet 


hemo 
hemochromatosis.“° 
demonstrated the storage of iron 
produced hemosiderosis in rats 
deficient in) pro 
tein, minerals, and vitamins but containing large 
ferric citrate. 
observed that 


amounts of 
Sheldon 


than hemochromatosis was found in certain iron 


hemosiderosis rather 


storage states such as hemolytic anemia, malaria, 


and congenital hematoporphyrinuria. He also ob 
served hemochromatosis as a congenital inadequaes 
in the metabolism of iron 


MATERIAI AND MeTHODS 


Eight gouts, two groups of 4 ench, were ex 


plored surgically, by lumbar incision, and found 


to have normal unpigmented kidneys 
The first group was given 10 Gm. of a soil dust 
inorganic iron (30% and 
with the 


containing 
(4%) 
mouths. The second group was given 15 Gm, of 


daily, ordinary food, for four 
corn grit diet 


three 


the same soil dust daily, with a 


which was deficient in protein, for months 


KIDNEYS IN 


CiOATS 


RESULTS 


The laboratory findings in these animals 
and in a group of 6 normal goats, are sum 
(table 1 


goats fed on 


marized 

The their ordinary diet 
with extra iron and copper salts did not 
develop cortical coloration or tissue sider 
osis: While goats fed on corn grit, together 
salts, developed 
tubules, 


This, however, was not similar 


with iron and copper 


siderosis of the convoluted liver, 
and spleen 
to the spontaneous deposition of irom in 
the kidney cortex, much 
and not giving rise to a 
coloring of the kidney which 
to the There 


further factor in the disease, responsible 


less 
black 
Is apparent 
thus be a 


being 
tensive 
naked eye may 
for the discoloration, perhaps absence of 
cobalt. This condition differs from that of 
liver cirrhosis for, in cases of spontaneous 
cortical siderosis, no trace of liver cirrhosis 
could be found and, 
resemble hemochromatosis, for neither dia 
pigmentation 


moreover, it did not 


betes mellitus nor skin Was 


present 


. 4—Iron pigment inside Kupffer’s cells. Stained with Prussian blue and safranin; x 50. 
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Although deposition of iron in the proxi- 
mal convoluted tubules occurred in the 
second group, none showed the gross ap- 
pearance of bilateral cortical siderosis simi- 
lar to spontaneous lesions. Lesions sug- 
gestive of renal periarteritis nodosa were, 
however, observed 

A group of goats found to have pig- 
mented kidneys were examined. Various 
tests were carried out, including some made 
on blood, urine, and feces, and the results 
compared with those of tests made on a 
group of goats with unpigmented kidneys 
The animals with discolored kidneys ap 
peared to be healthy and the laboratory 
findings showed that the pigment had 
caused no ill effects The blood urea was 
not raised and the urine was free from 
glucose and iron pigment. The presence 
of albumin in the urine was due to a uri 
nary tract infection and was found in 
goats with normal, as well as those with 
colored, kidneys. Thymol turbidity, cepha 
lin floceulation, and the albumin-globulin 
ratio of the blood protein were normal and 
did not differ much from those found in 
the normal goats. The number of blood 
leukocytes and erythrocytes, the hemoglo 
bin levels, and the blood urea were within 
normal limits (tables 2—5 

Chemical analyses were made of the 
tissues of normal and pigmented cortices, 
and a number of other tissues (tables 5 
and 6). 

The radiographs of normal and _ pig- 
mented kidneys were similar 


DISCUSSION 


Very little has been published regarding 
hemosiderosis in animals. Llron deposits 
may be seen in the reticuloendothelial sys 
tems of old horses. In fowl, iron deposits 
may be found in glial cells.** Pathological 
conditions found in animals and man in 
which hemosiderosis Occurs include 

Local and general blood circulatory troubles 
oecur as in the case of hemorrhage or stasis (these 
were excluded from the present syndrome 

Piroplasmosis—there was no evidence of this 
in blood smears made from these goats. In this 
condition, iron is deposited particularly in the 
liver, spleen, bone marrow, and lymph nodes. In 
the kidney there is involvement of the cells of 
Henle’s loop but not of the cortex 

In the group of « sociated with 
iusele degeneration, there s free myoglobin and 
ivosiderosis, espeeia kidneys The elin 


il ind pathologic di ssociated with 
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TABLE 2—Results of Blood Examination and Laboratory Tests of 30 Clinically Normal Goats 
and 2 (Goats 1 and 2) with Pigmented Kidneys 


Normal goats 


nochrou 
oning 


human paroxysmal hemoglobinuria 


of yphilis, often conge 


¢ks can be induced by immersit 


feet in cold water for te 
the Donath-Landsteines ors in the 


The Donath-Landsteine: il method 


tion 


negative i 
Other diseases, similar to those found in 


‘ man, are concerned with abnormal states 
TABLE Urinalysis of 10 Clinically Normal , 4 
Goats and of 2 (Goats 1 and 2) with Siderosis of serum iron ' In general, a high 
serum iron level occurs in those disease 
in Which either the total iron is high in 
the body, e.g. in hemochromatosis or trans 
fusion hemosiderosis, or the erythrocytes 
are fragile and easily hemolyzed, e.g. in 
hemolysis and the Mediterranean anemias 
A high serum iron concentration also ov 
curs ina third group of diseases in which 
the marrow appears to demand iron but 
can not use it readily, e.g. in) perniciou 
anemia or pyrodocin deficiency, There are 
also those conditions in which the liver 


hromatosis occur 
eral cortical siderosis, iron pig 


doin the 


change 
Skin pigmenta 


blue test of 


TABLE 4—Examination of the Stools of 6 Clin 
ically Normal Goats and of 2 (Goats 1 and 2) 
with Pigmented Kidneys 


Goat 1 


5—Iron pigment inside reticuloendothelia) 
of spleen. Stained with Prussian blue and 
safranin; x75 
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I Ee Goat 1 Goat 
tive 
( It 
I f tior gout vy 
Gum guia ga as positivity than the benzidir cells 
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Normal and 
Kidneys 


TABLE 5—Chemical Analysis of 
Pigmented Cortex of Goat 


nt 


is damaged and can not store exe iron 


eg. in cirrhosis or hepatitis 
features of the 
these ex 


vith 


more closely 


that the 
deseribe in 


It can be seen 
kidneys which we 
periments are not in accordane 
of the they 


re emble wna thie 


any 
nbove diseases : 
hemochromatosis hemo 


siderin nephrosis of 


paroxysmal hemoglo 
binuria The etiological factor is prob 


ably nutritional, Copper is found in in 


creased amounts in nearly all viscera and 
also be the 


the testes 


may cause of the atrophy of 
find 


amount 


found in these vu 


indicate an inerease in the 


of copper in and also in 


the blood 


Various Orvalis 


us compared with the controls 
Paulas found that the amount of cop 
than 


explain 


per was higher inp pigmented testes 
This 
the high incidence of atrophy of the testi 


The 


in un pigmented mia 
¢les in goats with pigmented kidneys 


adrenal glands seemed to be 
cases of pigmented kidneys 

It is 
are dealing also with a state of cobalt defi 
cobalt 


weakened, 


possible that in this condition we 


Animals exposed to severe 


deficrenc become progressively 


how musele atrophy, their coats become 


rough and they develop marked anemila 


with hypoplastie marrow.  Hemosiderosis 


TABLE 6—Analysis of Tissues from Normal and 


Pigmented Goat Kidneys 
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Fig. 6—Diffuse necrosis of testicular tubules 
Stained with Prussian blue and safranin; x 75. 


develops becatse 


inability of the 


marrow to hemoglobin svn 


The livers of sheep deficient 
in cobalt contain 0.02 p.pom. dry weight of 
contrasted with O12 


Hors 


and rats all appear to be un 


cobalt) as 


control animals rabbits, 
affected 
the ruminating animals, espectally 
have a high 
Vitamin These facts ma: 
that affected by 


While other animals are not 


pigs 


cobalt deficit 


Apparent ly 
shee 


wouts," requirement for 


observation rout this 


condition 


SUMMARY 


The unique features of spontaneous bi 


lateral siderosis in th renal cortex of 


vouts from northern are deseribed 
Iron deposition is rare or absent in organs 
other than the 
be increased in various 


Testes which 


kidney Copper is found to 
organs, particu 


larly in the that 


sugvests 
amounts of this element 


high 


increased CHIUSE 


the observed incidence of testicular 
atrophy 

This condition seems to occur only in the 
mountaimous area of northern Lraq, which 
deficient 


The 


ompounds im the 


is rich in copper and iron but 


in cobalt and is reached only by goats 
deposition of ferris 


proximal convoluted tubules does not, of 


itself 
funetion, or important histological changes 


cause clinical manifestations, dys 


except thickening of the basement mem 


brane 
blood 


normal and 


stools. 


The findings in the 


both goats with 


and serum of 
with pigmented kidneys are recorded 


(joats, fed low doses of inorganie tron 


\ : 
‘emt 
CONCLUSIO 
| — 
| 


SIDEROSIS OF THE KIDNEYS IN GOA 


and copper together with ordinary feed 
revealed no functional or anatomical cis 


order; those fed high doses, with protein 


deficient diets, showed generalized siderosis 
of the viscera, particularly the kidney 
with paren hymatous changes Various 
organs. Neither group developed lesions 
similar to those of spontaneous symmetri 
cal cortical siderosis Some other factor 
perhaps a ae herenes ‘ cobalt by ! 
quired to produce this condition 

Iron deposition in the convoluted tubules 
produces no functional renal disturbances 
therefore, the affected animals show no «i 
agnostic clinical or laboratory findings 
The role of copper in the production of the 


disease is not known 
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Studies on Genital Vibriosis in Sheep 


GUNNAR W. EIDE, D.V.M., and ODDVAR HELLE, D.V.M. 


Oslo, Norway 


kom THE literature, there appear to be 
differences betwen bovine and ovine vibri 
Osis With respect to the route of infection, 
clinical signs, and course of infection in a 
herd, In cattle, the first 
and foremost coital, while in sheep, this 
mode of 


transmission 1s 


infection 
portant,® 14, 19, 21 

Whether 
mitted and 
seems to be somewhat obscure.’ It seems 
to be that the infection little 


chance to be carried over to the following 
16, 16 


appears to be less im 
the 


cow 


be 


vice 


infection may trans 


from ewe, versa, 


clear has 
SCHSON 

In cattle, the most pronounced sign IS a 
for repeated breeding 
In the ewe, this has not been described, the 
most characteristic and common sign being 


marked necessity 


abortion in the late stages of pregnancy 
This is a report of an investigation of an 

experimental herd, 

with 


sheep where a spon 


taneous infection vibriosis occurred 


MATERIAI 


In the 
due to 


Veterinary 


spring of 1956, a ibortions 
the State 
for Sheep (Nor 
attend these ewes 


with 


number of 
the 


Farm 


vibriosis occurred in ewes at 
Experimental 
way 


pe riches d personne 


the 


farm has constant contact 
The 
during midwinter, when they 
feed 


over 


and veteri 


animals are of doors exeept 


indoors and 
Usually, about 180 
the All the 


all services carefully 


“ure are 


given supplementary 


inimals are retained winter 


animals were numbered, and 


controlled and recorded. The rams were not turned 


out with the ewes during the 
the 


ninety 


service 

142 aborted be 
140th days of 
with 2 or 3 fetuses 


During 
the 
the 
Most of 
stalls 
tborted 


spring, 18 of ewes 


tween second and 


preg 
naney;: majority 
the 


with 


sheep were 


earth 


kept, in groups, in 
The first 
for 
iborting ewes 


large 
floors that 


their 


hox ewes 


remained in ibout 


Later, 


groups two 


weeks however, all 


were 
isolated 


Vaginal mucus was taken from 


ifter 


aborting ewes 


health 


delivery, and from pregnant 


ewes and young unmated female sheep 


immer In addition, 
fluid at normal p 


tric contents of 


“amples were taken from 
the 


lamb ind 


fetal irturitions, fron gus 
normal from 


Five 


newborn 


of the rams used lam stillborn o1 


Sheep 


dying shortly after full-term pregnancy, were also 


investigated, 


M eTHODS 


Collection 
thiol 


the Vaterial 


made 


and ulation of 


Inoculation on medium was from the 


from 
The 
cent 


other and also 


the 


stomach, 
the heart 
thiol 


liver, organs, 
blood of all iborted 
ineubated at 37 ¢ in 10 


ifter 


fetuses. 


tubes were per 


atmosphere and examined four, seven, 


and ten days in the 
the 
made on 


on half 


phase coutrast microscope 


From majority of fetus inoculations were 


blood ag in d ¢ 


ilso and 
Phase 
contrast micros contents or the 
ilimentary canal i Iv i ‘ ut 


Mucus 


was collected 


from the igina, usuall mall 


with 


quantities, 
pipette and im 
mediately 

Fetal fluid was d ) t 
a 
in the 
collected, 


iring the fetal 


sterile al 100 s if 


appeared 


vulva, The g ‘ if the lambs was 


immediately with a syringe 


ind a small stomach 
The material 
tubes As a 


Semen from the 


obtained wa thiol 


used, 


inoculated in 


rule, phase-microscopy was also 


rams was collected with a sterile 


artificial vagina 
Tsolation of Vibrio The 


teur pipette, as proposed by 


method of the Pas 
Willems and deseribed 
As 


occasionally 


by Florent, was used 
this method, 
blood agur, 
were picked off 


Teating of 


Lindqvist 


a supple 


ment to cultures were 


made on from which individual eol 


onies 
Biochemical 
The 


chemically with reference 


Vibrio 


were 


the 


bacteria 


Isolated 


pure cultures of tested bio 
H.S 
production, nitrate reduction, and stab culture as 
Frank 


Guinea Piaa 


to catalase activity, 


described by Bryner and 
with 


weeks 


the 
preg 
with 1 ce 

the 
Each 
pigs, 


wis 


Inoculation of Preaqnant 
Vibrio Isolated 


nant, 


Guinea pigs, 5 to 6 
inoculated 


Vibrio 
this 


were intraperitoneally 


of a 72-hour eulture 
method 
strain 
with one 
ised As controls, 4 guin rig were 


ith 1 of 


iccording to 
used at laboratory 


tested 


since 1950." 


was moculated into guinea 


exception in which only 1 guinea 


inoculated 
sterile 

vibrios 


Animals which 


the 


from isolated 
inner fetuses, 


the biochemical ere pos 


from orgual f the 


ind where 
ousidered it 


Nirains 


Isolated if vere ré ed from 
strains pregnant 


sheep, gimmers, and 


irition, 
from 


intigena ‘ ead ‘ mare 


From the Department of Sex 

t) tate Veterinar Experimenta Fart f 

tavanger 


Am. J. Ver. Res 
OcTOBER 1957 


that 
normal 


antiserums in rabbits previously had not 


been found to produce agglutinins. The 
rabbits were immunized by injecting intravenously, 
on three consecutive days, 0.5, 1.0, and 1.5 ce 


After 
inoculated 


respectively, of the formol-treated antigen 
three 


with 0.5, 1.0, 1.5, and 2.0 ee. of the antigen, re 


an interval of days, they were 


spectively, on four consecutive days. Immune s¢ 


rums were collected after another interval of seven 


days, and preserved with merthiolate (1: 10,000 


Complete titration for each antiserum was per 


formed with the homologous antigen, and cross 


agglutination tests were made between each indi 


vidual antiserum and all antigens. These antigens 


were also used for agglutination tests on Vib 


fetus positive bovine vaginal mueus 


ReESULTS 

Aborted Fetuses 
usually in large numbers and often in pure 
from all except 1 of the 158 ewes 
They were easily detected 


Vibrios were isolated, 
cultures. 


which aborted 


by direct MICTOSCOpys of the contents of the 


stomach and alimentary canal 

All fetuses aborted before the 110th day 
of pregnancy were stillborn. In the four 
which after the 127th 
day of pregnancy, the lambs were alive at 
birth, but soon died 

There were no demonstrable 
that clearly differentiated 
lambs from lambs aborted at the same stage 
of pregnancy from other causes 

Vaginal Mucus.—Vibrios could not be 
isolated from vaginal mucus obtained two 
days to four weeks after abortion in the 
first 13 which aborted. They 
demonstrated in material from the fetal 
membranes which had retained for 
two days by 1 

Vaginal mucus taken first 
from 5 and, three weeks later, from all 25 
V ibrios 


abortions occurred 


changes 


these aborted 


ewes were 


been 
ewe 
WaS twice, 


gimmers were obtained from 7 


but, in pure culture, from only 5 
Vibrios were isolated from 5 of 25 preg 

nant ewes selected at random. All lambed 

normally later 
Vormal Births 


or gastric 


fluid 


newborn 


Fetal from 
from 
usually both, was taken at 72 normal births 


Vibrios were isolated in pure culture in 3 


contents lambs, 


cases, twice from fetal fluid, and once from 


stomach contents All 3 lambs involved 
survived 

Semen collected several 
spring and summer 
from 6 of the 1] 
had all 


service SeHSO?) 


semen Was 


times during the 


Vibrios 


rats 


were isolated 
These 6 


mated during th 


bye etl 
the other 


rats 


CTOSS 


> had not 


GENITAL VIBRIOSIS IN SHEEP 


869 


Lambs.—-V ibrios 
any of the 5 


Ntillborn, Full-Term 
were not demonstrated in 
stillborn lambs investigated 

Biochemical Examination of the 
Isolated The 

examination of 26 


table 1 Nine 


Vibrio 
Ntrains results of the bio 
chemical strains ar 


shown strains isolated 


TABLE 1—Biochemical Tests of Vibrios Isolated 
from Sheep 


from aborted fetuses and one strain from a 
normal parturition tested 
these cultures had died It would 
that 
difficult to keep alive in culture than bovine 
During the latter part of these 
Investigations, freeze drying was used and 


were not since 
appear 
vibrios isolated from 


ewes are more 


strains 


it became easier to retain the strains 
The catalase activity was less than 5 mm 


production, but the nitrate reduction was 


for all the strains. No strain showed 


positive. In stab cultures, it was possible 
to observe growth only at the top of the 
medium, and this was considered negative 
All the Vibrio 
similarly to the biochemical tests 
Inoculation of the Isolated Vibrio 


sults of 


isolated strains reacted 


Pregnant Gruinea Pigs The re 

these inoculations are shown table ; 
No vibrios could be detected in the 

aborted strains 146-5] 


two cases of abortion in the 


fetuses and 
lated CHSC Ee ) 4 


the fetuse Ss were eaten before they eould by 


yuinea pigs. In one 


\borted 
‘ 
i i 
i4 
Keta t i 
\ 
t 4 i 
i 
i 
turitior 
emer M 
if 
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TABLE 2—The Abortifacient 


AND OODDVAR 


Effect on Pregnant Guinea Pigs of 


Vibrio Strains Isolated 


from Sheep 


collected In all the other cases vibrios 
re isolated from the aborted fetuses. 
ho ved the 


le 


and 
reactions biochem 
strains isolated 


ting as the primary 


from ovine fetuses. In one case, the vibrios 
isolated from the guinea pig fetuses (180 
H)) had greater catalase activity than the 
primary strain (7 and 16 mm 


this 


effect on the 
Vibrio 


The abortifacient 


pigs of the various strains in 


material was similar 
Ncrological Rraminations of the Vibrio 
Ntrains Lsolated The 


investigations 


results of the sero 


logical are summarized 
table 3 

by titrating the antiserums with the 
homologous antigen, ohe seruin vave com 
agvlutination in the dilution 1:5,120 
and the other in 1:10,240 or Cross 
agglutinations between each individual se 
rum and all the titers 
indicating the strains belonging to a group 
with common 


All the 


antigens on 


plete 
more 


antigens showed 


antigenic properties 


agvlutination tests with these 


Vibrio fetus positive bovine 


Vavinal mucus were negative 


CUSSION 


The vibrios isolated from aborting ewes 


deseribed here are considered to be the 
abortifacients, as the organisms were found 
in large numbers and often in pure culture 
No other 


caused the 


in the aborted fetuses bacteria 


were found which could have 


abortions. In addition, vibrios were iso 


lated from the vaginal mucus of pregnant 


ewes and virgin gimmers, from fetal fluids 


of normally lambing ewes, from the gastric 


contents Of normally newborn lambs, and 


there 


from the semen of 


ln previous vears has not been an 


abnormally high number of abortions in 
the flock, nor has 
difficulty with repeat bre 


this flock has the 


there heen any special 
Therefore 


character 


ding 
the disease in 
istics Of a new infection 

All strains tested biochemically 


with 


reacted 


similarly respect to catalase activity, 


reduction, and 


had the 


pregnant 


production, nitrate 
culture In addition thes 
abortifacient effect on 


agglutination 


stab 
same 


tests In 


pigs. Cross 
that 
ships between them 

The 


rios to be 


dicate there are serological relation 


Tests showed these vib 


biochemical 


similar to bovine Vibrio fetus 
except for a much lower catalase activity 
Older cultures showed a 


under 5 mm 
slight 
strain showed a 
activity after passage through guinea pigs 


increase in Catalase activity 


vyreat increase in catalase 
Some Vibrio strains isolated in late autumn 
herd, and from some 


sho ved 


of 1956 from the same 
of the 
tivity up to 35 mm 

The finding of vibrios in the vaginas of 
that a non 
possible In 


same animals, Catalase ac 


unmated gimmers indicates 


coital route of infection is 
addition, clinical observations in this herd 
reveal that infection can be spread among 
animals in advanced pregnancy after abor 
flock. There 
that on the 


tions have commenced in a 


fore, it appears important 


Vibrio 


measures for isolation and 


oceurrence of abortion In ewes. 
disinfection be 
4S SOOT 4S possible to reduce the 


taken 
possibility of infection 

The percentage of abortions in a newly 
Vibrio-infeeted 
We 
other flocks where 
In this flock 


possibly 


flock is given as 50 to 
observed the same in 
detected Vibrio 

12 per cent of 


have 
we have 


abortion only 


the ewes aborted because of the 


relatively rapid removal of fetuses and 


470) 1. Ver. Rea 
19 
ster trair niected tier 
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TABLE 3—Cross-Agglutination Tests on Vibrio Strains Isolated from Sheep 


i i 


fetal membranes, and the early isolation of could — be pread among animal 
aborting ewes vanced pregnanes alter abortion 
The fact that vibrios were found at nor meneed mn a flo kK 


mal parturitions and in vawinal miueus ») The isolation of vibrios from vaginal 


from pregnant ewes which later lambed mucus of pregnant ewes which lates lambed 


normally, indicates that not every case of normally, from the gastric content 
Vibrio infection in ewes need show clinical born lambs, and from fetal fluid 
signs of infection. Abortions occurred to normal parturitions, tmdicat 
ward the end of pregnancy but there was every Vibrio-infected ewe need 
no abnormally high incidence of repeat cal signs 
breeding (‘linieally, the wa nara 
The cattle herd at the farm has been i terized by abortion in the later part 
close contact with the Vibrio-infeceted floel pregnanes repeat breeding Was not 
and their fertility has been normal served 
7) The cattle herd, in contact witl 
MMARY AND N Vibrio-infected sheep, showed no sigt 


he infection 


] In a flock of 142 breeding ewes, 1% 
aborted between gestation day 3 90 and 140 
Lambs aborted before the 110th day of 


vestation were dead those aborted later 


References 


were alive at birth, but died shorth there 
Vibrios were isolated from all 

aborted lambs, with one exception 

2) From animals in the same flock show 
ing no clinieal signs of vibriosis, vibrios 
were isolated from a) vaginal mucus 
Irom pregnant ewes which produced 
healthy lambs 6b) vaginal mucus from 
virgin gimmers; (c) fetal fluid from nor 
mall lambing ewes; d yastric contents 
from normal lambs at birth; and semen 
from the rams 

} All of these strains of Vibrio reacted 
similarly to: (a) catalase activity, (6) Hes 
production, (¢c) nitrate reduction and, (d) 
stab culture tests. The abortifacient effect 
on pregnant guinea pigs was similar for 
all strains. Cross-agglutination tests mdi 
cated serological relationships between the 
strains 

} The investigations revealed that a 
noneoital route of infection was more im 


portant than a coital one The infection 
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The Hair Follicle, Epidermis, Dermis, and Skin Glands 
of the Dog 


JAMES E. LOVELL, D.V.M., M.S., and ROBERT GETTY, D.V.M., Ph.D. 


Towa 


Morphologically, they do not differ from sebaceous 


THE COMPOUND nature of the canine hair 
follicle has been known since 1835 when glands in the skin of other mammalian species 
Gurlt” presented his concept of a tuft of E pling’ deseribes the histological structure of the 
hairs emerging from a common. orifice sebaceous glands of the dog, their compound ar 
rangement ind assoc) n with the compound 


Since that time, many authors have re follicle. Hanset 
ported variable numbers of hairs in the of yl 
canine hair follicle bunched ‘on the sides and |} ope of the follicle 
‘ that the hairs in canine lation from germina 
itth 


that each group usua stiwe oe with 1} 
ind three to nine accesso | it ula According to Sel 


ico mo nal 
mimon “ ‘ evelopment 


guous group 


oclated hair 


‘ con af 
one longer 
oO gives ey 
of hairs 


ane 
iH 


eontou 


This paper 
morphological 
epidermis contoul 
glands of the ariou 


It demonstrat elopment 


ai 
hile rise ¢ t of 
! rou ng ! » ¢ i] eribe 
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| ‘ prehes revi« ff 
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‘ ene hiel ent 
n th n the } t f the 1 
vith the pment of min 
Elenberger nd Baun eneril t} rrangement 
of the fine ntour of tl kit f the : 
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plaques 


—— surface groove 


stratum 
corneum 


—epidermis 


epidermal peg 


dermis 


Fig. 1—Surface contour and histology of planum nasale of dog showing: (A) gross appearanc* 
of nasal skin; (B) view of polygonal plaquelike areas of planum nasale, x 10; (C) histological 
section of planum nasale, x 66 
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planum nasale 
A. 
; 
B. 
—— polygonal area 
gr! 
C. 
‘ 


SKIN Gil 


complex follicle, the absence of epidermal 
pegging (term used by Hansen ef al.'") in 
hairy canine skin, the presence of epidermal 
which 
and the ex 


papillae on the skin surface have 
not been previously described 
istence of specialized sebaceous glands on 
the the tail 


those reported in wild Canidae 


dorsal aspect of similar to 


MATERIALS AND METHOD 


Observations reported in this 


paper 


from material prepared for histological and his 


tochemical studies of growth changes of eanin 


skin 


material from embalmed specimens from the veter 


(Lovell supplemented by examination of 


inary anatomy department, and fresh material 


from the laboratory at lowa State 
College 

Histologica sections 
of 13 dogs, 


weeks of age The 


postmortem 


skin 
from newborn to 
both the 


were made from the 


mongrel ranging 
dogs 

short-haired and long-haired types, 
fully 


represented 


and were eure 


raised and maintained under as near normal 


eonditions as possible Skin samples were fixe 


in SO per cent alcohol and in 10 per cent formalin 


embedded in Altmann’s mixture, and serially se 


tissue wis 


Weigert’s, 


tioned at to 12 Formalin: fixed 


hematoxylin and 
Heidenhain 
impregnation The tissue fixed 


with the Bauer- Fe 


stained with eosin, 


Van Giesen’s, hematoxylin, ind 


Foot ’s 


silver 


ileohol was treated ilgen 


for glycogen, and Gomori’s technique for alk 


phosphatase Ihe results of the histo 


studies will be reported in a future artiel 


Examir of surface contour 
and tail giand aren 

grel dogs which had 
in the anaton lal 


ment 

been 
rator 
were 


mongre! 


ting 
etrie clipper 


(ORSERVATIE 


The greatest proportion of the surface of 
a dog’s body is covered by heavily haired 
skin. <A 
nasale, lips 
ha 
anal sacs have been studied by Parks 
Montagna and Parks,'” so these areas were 
not investigated 

The Nasal Skin The 
ally heavily pigmented, tough, and moist in 
the living dog. On close examination of the 
the shallow 
grooves are observed, which divide the sur 


few areas, such as the planum 


foot pads, anus, and teats, are 


devoid of The cireumanal glands and 


nasal skin is usu 


surface of planum nasale 


face into polygonal plaquelike areas, aud 


AN Ds 


or THE Dog 


give the nasal skin a rough aranece 


fig. lp 
Hlistologicalls 
strated (fig. 6 


no glands can be demon 
The cle riis is composed 
collagenous, and elastic fibers 
blood 


vessels and 


of reticular 
together with fibroblasts vessels, and 
nerve trunks The blood 
trunks are larger in the deeper layers of the 
dermis than in the superficial lavers 
The connective 
with a higher 
ular fibers directly under 


nerve 


more 


tissue fibers are more nu 


merous proportion of 
the epidermis 
where the dermis is thrown up into dermal 
body 


Ham” or a papillary 


Fiebiger 


papillae 
Trautmann and forming an 
irregular plane of attachment between det 
mis and epidermis, which is not parallel 
with the surface of the skin 

The which 


thiekness in adult dogs, is composed of thre 


epidermis averages 630 ” in 


principal layers stratum  evlindricum 


and stratum corneum 


stratum 
The 
layer of evyilindrical cells whieh mitoti 
The cells 


possess little cytoplasm and have dark stain 


stratum evlindricum consists of one 


figures frequently are observed 


ing nuclei, The stratum rial 
10 to 20 layers of diamond-shaped 
dom shaped or flattened cell 
lighter taining eyvtoplasm 


cells In hea ily pi 


there are pigment 


up ot 
pols ronal 
which have a 
than the 


nented ta 


eviindrical 
distal to the 


sal skin 
topla 
distal 


underyveo 


yranules the 
The 
parently do 
thes 


Vtoplasm 


nucleus more pinostim cells ap 


Keratinization a 
The it 
acidophilic and 

with the cell 
squamou \ 
they 


not 


do in other regions of epidermi 


becomes weakly 


the nucler become pyknots 


lattening out into a 


they surtace 
thin atypical 
ftos cell lavers thick 
cell thickness 
from the surface. The 
surprisingly thin for 
tough area (fig. 6 

The Foot Pads. The skin of the f 
is also heavily pigmented and is the tough 
skin. ‘The 
due to the 


approach the remain a 


nucleated stratum 
Shires twoto 


split off and 


stratum 


three 
hed 


eaorneum ' 


lavers in 


such an apparenth 


puc 


est region of canine surface oft 


the pads is rough presence of 
numerous conical papillae which are heavils 
keratinized and readily seen with the 


When dogs are 


or rough surfaces, the 


naked 


eve fig kept on con 


erete papillae 


times become worn so that they are trun 


cated or rounded, instead of conical, in 


shape 
The 


interior of the foot is mace uy 


Am. J.V Ke 
OcTORE! 
SC 
| 
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of subcutaneous adipose tissue which 1s 
partitioned by septa of reticular, collagen 
ous, and elastic fibers (fig. 7). Many elastic 
fibers present in the deeper 
Merocrine sweat glands and lamellar cor 
puscles are embedded in the adipose tissue 
of this region 


are layers 


The dermis is composed of reticular, col 
lagenous, and elastic fibroblasts, 
blood vessels, and nerve trunks. The ex 
cretory ducts of the merocrine sweat glands 


fibers, 


traverse the dermis on their way to the sur 
Directly under the 
epidermis, the connective tissue is dense 


face of the epidermis 


and papillate, forming conical-shaped con 


| carpal pad 


| 


digital pad 


Fig. 2 
of foot 


Surface contour and histology of 
pads; (B) view of 


foot pad of dog showing 
conical papillae arrangement on surface of 
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nective tissue cores for the epidermal coni- 
cal papillae (fig. 2c). There are also un- 
dulations forming secondary dermal papil- 
lae within the conical structure (fig. 7) 
The epidermis, which averages 1,800 yp 
in thickness in adult dogs, is composed of 
five layers: stratum eylindricum, stratum 
stratum granulosum, stratum 
lucidum, and stratum corneum. The stra- 
tum cylindricum is made up of a single 


spinosum, 


layer of low columnar basal cells resting 
The 
cells of this layer have dark-staining nuclei 
which frequently show mitotic activity, and 
little cytoplasm 


on the connective tissue of the dermis 


The stratum spinosum is 


conical papilla 


stratum corneum 


connective tissue 
core of papilla 


epidermis of papilla 


—— dermis of footpad 


4 
s 


— sweat glands 


(A) gross appearance 


digital pad, x 8.5; 


(C) histological section of foot pad, x 57 


A. 
- 
WAN >>> 
/ B. 
metacarpal pad 
— 
¥ j ciaw 
Q ¥ 
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hair shaft 


hair follicle orifice 


sebaceous 
gland ———arrector pili muscle 


primary hair 


— apocrine 


sebaceous gland- 


-arrector pili muscle 


apocrine sweat 


Va 


——— primary 
hair 


scale-like fold of surface hz 


\ G7 — hair 


-common follicle 
orifice 


arrector pili muscle 


—-apocrine sweat gland 


Fig. 3—Development of canine hair follicle (A) schematic drawing of simple hair follicle 

as found in the dog during the first week of life; (B) schematic drawing of compound hair 

follicle as found in the dog during the twelfth week of life; (C) schematic drawing of mo: 
elaborate compound hair follicle as found in the dog during the twenty-eighth week of life 
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compound follicle 


scale-like fold 


———three grouped follicles 


— epidermal papilla 


$35 
————hair follicle 
——arrector pili 
muscle 


——— sebaceous gland 


——— dermis 


apocrine 
sweat gland 


Fig. 4—Surface contour, hair arrangement, and histology of hairy skin of dog: (A) gross 
appearance of hairy skin; (B) view of scalelike folds and arrangement of hair follicles, x 10; 


(C) histological section of hairy skin, x 66 


as 
ft \ 
= 
= 
— \ 
~4- 
As. 


circumscribed tail gland area 


simple hair follicle 


= —scale-like fold 


—— epidermis 


simple hair 
follicle 


dermis 


arrector pill 
muscle 


large sebaceous 
gland 


large apocrine 
sweat gland 


Fig. 5—Surface contour, canine hair arrangement, and histology of supracaudal gland area 
(A) gross appearance of tail gland area; (B) view of simple hair follicles in the tail gland 
area, x 7.5; (C) histological section of tail gland area, x 50 


Cc 


Nasal skin of dog at 28 weeks—-note absence of glands. Section fixed in 10 per cent 
formalin and stained with Harris’ hematoxylin and eosin Y; x 64 
Foot pad at 8 weeks. Section fixed in 80 per cent alcohol and ined with Harris’ 
hematoxylin and eosin Y; x 25 
Mucocutaneous junction of lip-—note the epidermal pegging of the nonhairy part of 
Section fixed in 80 per cent alcohol and stained wit’ Harris’ hematoxylin and 
eosin Y; x 64 
Fig. 9-—-Epidermal papilla—skin from back region of a mature dog. x 8.5 
Epidermal papilla—skin section from the interscapular area of a dog 28 weeks of age, 


showing a typical group of three compound follicles in the derm Fixed in 80 per cent 


alcohol and stained with Harris’ hematoxylin and eosin; x 64 
Epidermal papilla—skin section from the interscapular area of a dog 28 weeks of age 


Note the fine connective tissue substance that fills the papilla. Fixed in 80 per cent alcohol 
stained with Heidenhain’s hematoxylin, Weigert and Van Gieson’s connective tissue 


stain; x 128 


Wd > 
| 
4 
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Fig 6 
Fig 7 
Fig. 8 
the lip 
Fig. 10 
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composed of ten to 15 lavers of diamond 


cells 
staining nuclei and more cytoplasm than 
the stratum evlindricum cells. Cell outlines 
and intercellular bridges may be observed 
The 
losum is made up of four to five layers of 
flattened which basophilic 
keratohyvalin granules in their cytoplasm 
The 


acidophily laver of homogeneous substance 


or dome-shaped containing lighter 


on the spinous cells stratum granu 


contain 


cells 
stratum lucidum appears as a shiny 


The stratum corneum of the foot pads con 


sists of a thick layer of keratinized, non 
nucleated The stratum corneum 
well developed Ith the foot pads, 
thicker than all of the 
The 


sweat glands of the 


material 
Is very 
where it is usually 
cellular 
ducts of the 
foot pad becomes continuous with the epi 


lavers combined excretory 


mMmeroerine 


dermis at the very depths of the epidermal 
their with 
the stratum evlindricum of the 
The lumen of the duct 
lows a tortuous path through th 
cells to the where the 
secretion is expelled 
Shin The 


of canimme skint Is 


pegs, wher epithelium joins 
epidermis 
then fol 


rmal 


excretory 


surtace vlandular 
portion of the 


surlace heavily covered 
with 


ws to ty 


There is considerable variation 
length 
and consistency 
shafts These 
everal investigators ineluding Gair' 
and Niedoba.'* A study of the hair fol 
licles of birth 


weeks old. was conducted both grossly 


haw 


direction of slant 


eolor 
of the individual hat 


features have been studied 


Prom to 2S 


ranging 
and 
microscopically, Surface examinations were 


with a lo x dissecting microscope 


studied at 


made 


and histological sections were 


100 x magnifications. Studies 
that hair follicles 
follicle each fol 
birth toa 
folliel 


haw 


and higher 


of age changes revealed 


levelop from a simple 


eon pound 


containing a single hair) at 
follicle each 
Prom ‘Ven to ten 
The 


eoncurrenti 


external 
orifice containing 


eks of age (fig 


by rol 
vs 


per follicle 


creases In age. The additional 
which “aris 


multiple 


elop 
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follicle where the 


all contained in a single tubular 


upper portion of the 
hairs are 
follicle 


comes compound and branches at its deeper 


The arrector pili muscle also be 


end to send out strands which connect each 
of the follicles im the deeper 


lavers of the dermis (fig. 3 The apocrine 


individual 


sweat glands remain simple with a singh 
tubular gland sending one exeretory duct 
follicle, 
part of the 


which nite 


follicle comple x 


up along the empties 
the common 
the 


glands and the surface of 


between Opening of the sebaceous 
the skin 

The skin surface is thrown into sealelike 
folds which form irregular depressions mito 
Which the hair follicles invaginate (fig. 46, 
16, and 17 In which had 
already developed folliele 
follicle to support one 


older 
the compound 
each was observed 
number 


two 


Coarse guard hair and a 


of fine wool, lanugo, or under hairs 


arranged in groups of 
with tne 
Hume fiy. 4p 


Ollicles are 
three 
being the 

Small knoblike 


in diameter, are pore 


and four triad arrangement 
enlargements, 0 
rit ent on the surtace 
ot the 


45 


epiderm projecting from © oO 


abo 
fiy. 9 When 
observed thes 


Prom 


mm surrounding 

Pructure were 
thought 
llowever, these en 


to be 
sulting 
largements were observed so con 
hairs kin in 
decided that 


Pormation canine 


in different parts of the 


dogs of all that it Was 


they 


must be a regular 
Numerous examinations of skin from 
fresh 


more of these 


skin 


embalmed and specimens were per 


formed and one or structure 
demonstrated on each 
thickly 
The 


“a «dis 


eould bye 


piece of skin trom any haired por 
tion of the 


these 


Appearance © 


structures under ecting micro 


ugvestive of lingual 


The «ce 


thought 


scope Is 
and 
papilla Va 
of this resemblance 

Phe hair follrele 


exten ite the 


ivnation epider 


appropriat becat 
and Apocrine 
subcutaneou 
Above tI 


of re 


sf if li 
consists of a 
and ela 
by 


the dermi 
lar, collage 
vith fibroblast 
The blood 

the deeper la 


The 


not 


S81 
fics 
at 2s 
is 
fig. 15, 16, and 17). The tie fibers, toget! 
of th ind branch out int parat ‘ ana 
n wil the han nut fron 
rlay } ha nt to th 1} ip j 
‘ 
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denser di 
the 


dermis is finer and 


the epidermis than = in 


the 
under 


sue of 
rectly 
deeper layers 

Histologically, the epidermis of the hairy 
skin, which varies in thickness from 30 to 
10 p, Consists of three major layers: stratum 
stra 


eylindricum, stratum spinosum, and 


tum In a few areas, the stratum 
vyranulosum and stratum lucidum are evi 
dent, but occur only keratinization 
is retarded, as around the hair follicle ori 
The total cells 
varies between three and six, but in regions 


eorneum 
where 


fices number of layers of 
where the stratum granulosum and stratum 
lucidum are evident, there are as many as 
eight layers. The stratum cylindricum cells 
usually have nuclei which are oriented with 
the long axis perpendicular to the surface 
of the They 
of cytoplasm and 
the 


skin have a smaller amount 
‘tain more intensely than 
superficial cells. Fewer 
in the stratum eyvlindri 
cum of hairy skin than in the same layer of 
The epider 
thickened 
to 12 cell 
thick as the 
11 The det 


the epidermal papillae is 


more mitotie 


are present 


foot pads and planim nasale 
mal papillae are covered by a 


epidermis which is usually six 
thick 


urrounding epidermis 


layer about twice as 


mis under com 


closel packed connecthye 
light 


cle rise 


fine 


po ed ot 
Which are staining 
This fine 
the thickened epidermis 
to form the papilla structure. There is 
pegying of the epidermis of the hairy part 
ob the 16 


junction of 


fibers 
10, 11 


under 


figs 
fend 


dermis 
up 


neo 


liv 
thr 
thrown into folds which parallel the surface 
of the skin to 
clistinet epidermal pegying present in 
the the 


skin The dermal-epidermal 


hairy skin is normally 


contour This is in contrast 


thr 
thy 


epidermis of plantum nasal 
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foot pads, and the mucous membranes 
(fig. 6, 7, and & 
Tail Gland Area 
trimmed short 
shape from oval to diamond or arrowhead, 


the 


from the base of the tail 


Afte1 


an 


the hair has 


been area, in 


may be observed dorsal 
the tail (3 to 9 em 
5a and 12 In this area 
to differ in appearance from the hair of the 
surrounding area 


in 


on 


aspect ot 


fig the hairs seem 
This has been observed 
both 
short-haired and long-haired types, and was 


| When 


grossiv in all 
eX 


mongrel dogs, representing 


demonstrated 
this specialized area of the tail skin is 
amined under a 15 
it is observed that 


dissecting microscope 
the 
from the hair’ follicles 
follicles surrounding this 
normal complex follicle 
“Ix to Il The 
specialized area are Coarse 
of the 
which is probably due to the 

When 
xamined 
folliel 
The ebace vlanils 
sweat gland Which are append 
the hair folliel e lare 
ing deep into the ermis and into the 


hairs emerge singly 
The hair 
the 
supporting 
the 
and the surface 


ig. 
area are of 
type 
hairs of 


hairs single 


skin has a vellow appearances 


abundance of 
secretion histological 


the 


sebaceous 


reparations are simple 
| 
nature of the 


and 14 


hair apparent 


fiy and 
apocrine 
Ktena 


ub 


aves ol 


CUTANeCOUS 


This researe 


of glands in the rmis or dermis of 
thick skin of the tose 


ence of mouture on the 


eontinual pres 
Planum nasal 
the lateral 
Trautmann 
the nasal 


tratim co 


be brought about b nasal 


viand, as suggested b and 


Kiebiger or by serous gland 
The unusually this 


pau 


Legends for Illustrations on Opposite Page 


Fig. 12 


Appearance of the circumscribed tail gland area on a mature long-haired dog when 


the hair is clipped short (arrow indicates tailhead area); 5/7 life size 


Fig. 13 


the cross sections of the single hair 


Tail gland area showing large sebaceous glands and apocrine sweat glands (around 
follicles). 


Section fixed in 10 per cent formalin and 


stained with Harris’ hematoxylin and eosin Y; x 25 


Fig. 14—Tail gland area 


the longitudinal sections of the single hair 


note the large sebaceous glands and apocrine sweat glands beside 
follicles 


Section from mature dog fixed in 10 


ver cent formalin and stained with Harris’ hematoxylin and eosin Y; x 25 
y 


Fig. 15—Hairy skin of dog at birth 

in 80 per cent alcohol 
Fig. 16 
the external follicle orifice 


Fig. 17 
follicle orifice 


Hairy skin of dog at 28 weeks 
Section fixed in 80 per cent 
Y; 


Note the absence of compound follicles 
and stained with Harris’ 
Hairy skin of dog at 8 weeks of age, showing how three to four hairs converge at 
Section fixed in 80 per cent alcohol and stained with hematoxylin 

and eosin Y; x 25 
note 
alcohol and 
x 25 


Section fixed 


hematoxylin and eosin Y; x 25 


8 to 10 hairs converge at the external 
stained with hematoxylin and eosin 


that 


r and 14 
r 
failed to g inv evider 
| 
| 


» 
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Figures 12 to 
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neum observed on the planum nasale epi 
dermis was atypical in that the cells re 
tained a There 
be some relationship between the continu 
ously surface of the skin 
the atypical keratinized layer of stratum 
corneum 

The detailed histology of the foot pads 
pling ;” 
made of the stratum lu 
cidum, which was evident in this work. The 
stratum lucidum in the foot pads was also 
described by Webb and Calhoun 

In areas of hairy skin, there is no distinet 


nucleated condition may 


most nasal and 


well deseribed by however, 


mention is not 


division of the dermis into stratum papil 
human 
because the dermal-epidet 


lare and reticulare as there is in 
skin 
mal junction undulates in a line parallel 
the surface of the skin. Histological 
show folds 
fiy. 4c). As pointed out by 
and Fiebiger,“” wherever the 
dense, the dermal surface between the hairs 


with 
and ridges 


Trautmann 


sectIOns extensive 


hair coat is 


is either perfectly smooth or shows only 
slight elevations and a few small folds 
It would that, 


surfaces of the skin of dogs, 


in the nonhairy 
the pegging 


Is present to mn 


appear 


rete pegs of Montagna!® 


crease the surface of contact between the 


epidermis and the dermis for nutritional 


purposes, This would provide for a maxi 


mal area of contact between the vascular 


and avascular portions. This condition is 


observed in the food pads, planum nasale 


In heavily haired skin with nu 


merous follicles extending down 
the dermis, the surface attachment is prob 


and lip 
hair into 
ably adequate, so that the epidermal peg 


ying is not necessary. The undulations of 
the surface of the hairy skin would tend to 
somewhat, but not as 


increase the surface 


much as a system of epidermal 
Ilansen etal 


dermal pegging develops in the epidermis 


pegying 


report evidence that epl 


of hairy skin of dogs which are deficient in 
dietary fat. Perhaps this is an attempt on 
the part of the tissue to Increase the nutri 
tion of an epidermis which ts deficient in 


ome essential elements for normal growth 
and maintenance 

The surface 
hairs in the 
imitlar to that of wild Canidae as deseribed 
by Hildebrand’? and deMeijere 

Supracaudal glands in the eat ha 
deseribed by and 
and in wild Candidae by Hildebrand 


This paper presents ¢ 


contour and arrangement of 


skin of domestic Canidae ts 


bee 


Trautmann 


Schon 
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they 
mestic 


are also consistently present in do 
These gland 
surface of the tail are 
thought to be related to recognition of the 
wild They probably 
domestic 
The arrector pili muscles of the tail 
gland area are well developed, as they are 
along the dorsal aspect of the back 

The observations of this investigation 
confirm the Speed** that the 
ducts of the apocrine sweat glands open into 
the hair follicles the 
gland opening and the surface of the skin 

The histological structure of the 
ceous glands was found to agree with the 
descriptions of Epling,® Nielsen,’ 
Hansen et al.” The histological structure 
of both the merocrine sweat 


Canidae specialized 


areas on the dorsal 
species (Canidae 

serve the same function in 
dae 


report of 


between sebaceous 


seba 
and 


glands of the 
foot pads and the apocrine sweat glands of 
the hairy skin was found to agree with that 
deseribed by Nielsen ed 

AND CONCLI 


SUMMARY 


IONS 


The subgross anatomy and histology of 
follicle 


‘ xceluding the 


the canine hair epidermis, dermis 


and skin glands, ceirrcumanal 
anal sacs is de 
illustrated on the 
The 


empl 


glands and glands of the 
and basis of 


studies of 


seribed 
following 


dogs 


mongrel 
observations warrant 

1) The hair follicle of the dog dey 
from a simple follicle at birth to a 
pound follicle at maturit 

2) The follicles of dog 
are arranged in group three 
four, with three being the 


elops 
com 
compound skin 
of two and 
vroups ol most 
COMMOn 

}) Epidermal pegging is present in the 
epidermis of the foot pads, the planum 
nasale, and the lip 

4) The hairy skin of the dog has no epi 
dermal pegging at thi dermal-epidermal! 
junction 

Kpidermal normal! 
surface of the 


skin of the dog 


papillae 
present on the 
the hairy 

6) The surface 
of the dog ts 
The hair follicles invaginats 
of the valleys 


epidermis of 


the SKIT 
ives and valle 
nto the depths 


react up ol rie 


‘ The epide ¢ | 
divided by 
like structure 


The 


j ronal 


plaque 


4 
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with conical shaped papillae which are 
highly keratinized 

10) The stratum corneum of the foot 
pads is thick 

1] Domestic Canidae possess a special 
ized cutaneous gland area on the dorsal 
aspect of the tail which ts characterized 


by simple hair follicles supporting singl 


hairs. large sebaceous glands, apocrine 


sweat glands, and arrector pili muscles 
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The Effect of Five Proteolytic Enzymes on Some Antigenic 
Characteristics of Rabies Virus—with Observations 
on the Resistance of the Virus to Heat 


Major SAMUEL W. THOMPSON Ii, V.C., U.S. Army 


that would liberate greater 


rabies virus from the brain 


METHOD 
amounts of the 
than mechanical maceration alone would 
facilitate 
in Which the titer of the 
that the 


precipitated by 


the diagnosis of rabies Cus 
virus is low. It is 
brain tissue 


known sediment of 


which 1s centrifugation 
contains a large percentage of the avail 
Therefore, additional quan 
be liberated by 


infected 


able virus.® 


tities of active virus might 


proteolysis of macerated brain 


fissile 
The five proteolytic enzymes which were 


studied produced aU to PO pel cent de 


crease in brain protein in addition to 


the amount of degradation accomplished 


by emulsification, If an equivalent pet 


centage of active rabies virus were released 


with proteolysis, a significant inerease in 


the titer might 
The action of various enzymes of animal 


result 


vegetable origin on rabies virus has 
studied by 


Was 


and 
several investigators, but 
limited to 


inactivated the 


been 
their 
whether a enzyme 
They efforts to 
whether the enzymes which did not inacti 
had liberated additional 
virus. Therefore, this study 
the effect 


TICS 


work determining 
viven 
ascertain 


virus made no 


vate the virus 
quantities of 
was undertaken to investigate 
of a selected yroup of proteolyts 
on the elution of rabies virus 


VIEW OF LITERATUR 


reported 


parti 
ition. Wher 

in OO per 
buffer, the 


in dilutions 


10 per cent 


erol were 


luded that 
ipl of 10 


‘ tr et 
the virulence o ( 1s after 24 hour 


troved 
ontaet t 
In 1947, 
brain emulsion ron ‘ ed 
latex The 


ions of the 


Remlings 


with 


emulsion 


he pulce 


= | | _ 
olution f | ‘ t 
it In «cilut I ; greater a 
t } t 
‘ il no effec 
Co ! tigut munit 
quent publieatve tut that 
clefetime iy t rat hemor 
| 
emulsion was mixed th ser lot 
ite ind incubated fo iv t 
noculated intracereby t} dilution 
ed, but other mic ! ilated th «ar queou 
ispension of the nt ted | 
The authors cited evidence that of 
riou peek of } | iced imi 
truet ‘ etleet r 
ito zed ti i effeet ol 
\ The t nutrefactio 
for long p f tect f ther det 
nent tlie ‘ | | 
1905 that thick ! ier ered 
emulsion of fixe vhen | eed it 
eu ich ne tl ‘ tone 
eavit of dog or rabbit ‘ 
eluded that It remair efore, to ineriminat eri 
the ‘ tome ‘ t 
nel tise on fine ‘ a \ ts Krel 
lucting a serie f tion Hing hosphate HH part 


HARACTERISTICS OF 


i pr osp 


OcTORER 19 
of the Krebs-Ringer lution, 10 ml. of by ment! of erum-virus thon tests 
buffer,” pH 7.4 wus added Filtered Seity E-K), indiluted equine serun 
Proteolytic The five proteolytic yas em ed norm in Ledert 
gyvmes used had been previous! determined to coneentrated anti-rat ed, fitered 
he nontoxic to mice when employed concentra Seitz E-K and diluted th pl ne 
tions which would produet significant protec ( if emy min 
of brain tissue in four hours at 37 ¢ run 
Trypsin 'rypsin hydrolyzes protei to pe] 
ticle ind amino acid Pure trypsin gradu Mi ) 
ligests itself at pH 7.0 to 9.0 Its optimal ten Rat | e Kl ‘ th / / 
perature nd pH are 7 to t 7.8 to Pye Enzy Fach of the canine | 
Rhozyme P-11.* This is a fungal protease pr train of 3 
ileohol = precipitatior Thi manufacturer dia j ber « pel n 
not reve the identit of the Tungu The opti } eng ol 
mal temperature for if prote ti et eont Det 
ower temy tur ptin rang 6.5 y ion ane 
to 74 » 4 
pared muel i Rhozyme P-1l It t ‘ the Brais 
proceed far imino eid opt ¢ 4) 
‘ r temperature opt ‘ 
pil t t rking t ( 
Proteus t ptin condition 
Phe opt Hef t t t 
Prot \ | ‘ t ‘ | 
H ( t iH 
Kx] al A Adult 
‘ ‘ i 
! 
tior Institut f t 
Three ty treet ‘ 
tion, | th Army Area M Laborat Fort o - 
Sam H ton, Te refer te ft , 
tl ‘ numl y nd th lies 
ation of & Dilutions of wok Bra 
Digestio rnis fror 


SAMUEL W 


rabbit passage of each stock virus were employed 
is challenge Virises The chalk nige irus 


diluted to eontain 4 Ld per 


impo 


ons were 0.045 ml 


of inoculum, based on the Ld controls 


At the conclusiv the obs itior 


irviving mice ilenged 
moculation of 4 ‘ f the homologs illenge 
inpension Six normal mi A in 
ith each challenge viru 

Vice Against Rabies by 
Inoculation of a Kluid of 
Rabbit Brain Emulsion Sub) ( 


Digestion 


iffempt to Immunize 
Single Supernatant 
oleo 
hen 
wuilated intracerebrall 
cent Uspetision 
he 
doom the 
in ted 
fim. portion brain 
fo ent 
Khozyime 


oo 
re pooled 


Khozyvine 


ilated 


THOMPSON II AM 


J. Ver. Res 
OCTOBER 1957 


considered 4 grouy 


unvaccinated j ited to 

ve as eontrols 

{ttempts to Immun jainst Rabies by 

Vultiple Inoculations cines Produced 
Rabbit Brain Em ie P 


Digestion vi ntra 


with 0 


from 


oleo 


suspension 
on the 
rains 


Serial 


Rabu 
Five Pr 
suspension 
exhibited an 


sub ye Té 


hours 


‘ 
erebrall 
of brain 
ht 
eventh 
hed to forn f nulsior 
itior ( nt per ol of 
tl mer emu or t ntirac ebra 
t noculutior mies f il 
of ime te ‘ nt 
oe thanie 
tin t f th emulsion 
er ted te ent eight 
olution eont f Rhozyme 
per of nt ! ol were 
(in of enzyme per S mil, of ad ent Dhes neu fed Tor om t ter bath 
ere neubated for four hour Hoe ‘ east three | ( 
il er centrifug f i ! heut of the 
minute ipernatant fl of yee f per ol ere 
bell |’ cine No. Ni The ren | entr 
hie me procedu rey Pug for lo minut t the ‘ 
modifiention that the enzyn tut tior natant fu ‘ t 
contained O85) Gn of Prote e 15 iv ‘ of / eeu | 
Both experiment eeu 1 fe nt 
ertal tenfold dilution tl ig | it to | per cent ght 
mice reeeived 0. of in | tion Phi me proc lf heat 
ma ere observed for 14 da ted ! ne 
rial tenfold dilution | throug! ere pernatant fluid \ e! hi f 
prepared from the brain en ion of cond rate gir Pit 
pou iwe of ere il n- Moore No. 602.66 the 
ith ¢ f inoeulun coin \ | ntit of 
per serial dilution na ere of rved f 14 phenoliz coin ntrifug | , it 
The number of | il of t ral it | na the tant fluid 
hit brain emulsion expressed antilogaritl lesignated as eontre 
n the completion of th ut 
‘ ere noctulated ntraperitome nh of enel ( fter 
rved for 14 OF observat f ‘ 
f caprine origi Pitman-Moor ‘ tain ay 
mil ol rved for 14 | 
nel eond tl ! f IH 
\ ; 
cinution 14 ch g of 
‘ ead a ! ra 


Am. J.VerT. Res 
OcTOBER 1957 


ANTIGENK 


(CHARACTERISTICS OF 


Rapies Virus 


TABLE 1—Effects of Five Proteolytic Enzymes on Five Strains of Rabies Virus 
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dilutions of Rhozyme P-11) vaccine Khozyme P-11 and Protease 15, plus heat 
No. 2 inactivated a minimum of 39,800 Ld.so of 
0.03 ml. of brain emulsion. A 

the titers of the 


suspension and supernatant fluid 
Protease 15 vaccine suspension and super virus per 
natant fluid No, 2, and the heat-inactivated = similar comparison with 
heat-inactivated vaccines indicates that the 
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natant fluid (table 3 In the case of each heat treatment alone 
mum of 39,790 Ld.s, of virus. The effect of 


the heat treatment employed in the prepa 
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exposure to 50 C. for one hour. followed by 
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shown by the presence of residual active activated The results of the serum-virus 
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TABLE 2—Results of the Challenge of Mice Which Survived in the Titrations of Rabies 
Virus Subjected to Proteolysis 
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TABLE 3—lIntracerebral Titration in Mice of Six Experimental Vaccines 
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and did not increase the degree of proteol 
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When mice were inoculated 
with a single 0.05 ml. dose of either Rho 
zyme P-11 or Protease 15 vaccine No. 1 
challenged 14 days later with serial 
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groups of 
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of the heat-inactivated vaccines was found 
to be approximately the same. A_ possible 
explanation might be that the virus, which 
freed by the emulsion of the brain 
inactivated by 
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rabbit brain subjected to proteolysis with 
either Rhozyme P-11 or may 
induce an immune response in the 
sufficient to protect against a challenge of 
of 
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infected 
jected to proteolysis with either Rhozyme 
P-11 or 
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of rabies-infected rabbit brain emulsion to 
a marked 
the virus 
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Inactivate 


SUMMARY 
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After comple 
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Some Effects of a Bacterial Protease on the Complement- 
Fixing Antigenicity of Rabies Virus 


Major SAMUEL W. THOMPSON Il, V.C., U.S. Army 


tmes, lowa 


THE EFFECT of five proteolytic enzymes on 
the ability of rabies virus to induce the 
formation of neutralizing antibodies was 
reported a preceding paper.’ The orig 
inal intention of this report was to study 
the effect of these enzymes on the compl 
ment-fixing antigenicity of the virus. How 
ever, all but one (Protease 15) were ex 


tremely anticomplementary and the study 
vas limited to this bacterial protease.” 

Specific complement-fixation test sched 
ules have been cde veloped for rabies,' but 
the schedule selected was the one deseribed 
by Casals, ef in their speafie comple 
ment-fixation test for infection with polio 
mvelitis virus. [t is adapted to the effective 


utilization of small quantities of materials 
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TABLE i—Results of Complement-Fixation Tests Employing Enzyme and Active Virus 
Antigens 


Titer « 


immune 


vormal equine 


Kabbit immune 


yormal rabbit 


RESULTS antigen. The quantity of inactive virus in 


On the basis of the results of the box the Protease 15 and ntrol antigens was 


titration’ of antigens, a 1:2 dilution of "0" definitely known. However, proteolysis 


of brain tissue containing either Cvs or NY 
each antigen was used in the complement » ~seeetg 


virus wit ’roteas resulted in a greater 
fixation tests performed with equine se rus with Protea I lted in a grea 


n 99 Der ce eductio e al 
rums. A 1:4 dilution of each antigen was than per nt reduction in the amount 


. of ae VITUS “a quantity of tissue 
determined to be suitable for use with the f active virus in a given quantity of tissue, 
as compared with the titer of an identical 


quantity of untreated tissue Therefore, 


rabbit serums 


In the complement-fixation tests, the titer 


t IS ASS “l that the Protease yy ue 
of each serum (table 1) was expressed as itis assumed tha he Pi I> antigen 


the greatest dilution of serum giving a 4 ontained a greater ntration of in 


reading.” With the equine anti-rabies and sey virus than the Ny and Cvs antigens 
Based upon the results obtained in this 
normal serums, a titer of greater than 


st \ t that the active 
1:640 was demonstrated with the anti ud) ould h 


\ tent the antigens VHS 
rabies serum as compared with a titer of ie Coneyee rt ” is not th 


ete netor thre eo ve 
wells with Pratetes determining Ta mparati 


al ties ix e ‘ 
ahitiven representing a greatet than th . mpl ment 
thi ‘amount active \ i 
125-fold difference in titer, With the equing ut that the amou 
anti-rabies serum, no. titer was demon 


trated with the other three antigens. With on 3 potential 
hese would upport the 


antigen was related ts complement-fix 


the pooled rabbit anti-rabies and normal 
crus. titer of than 1-640 was belief that an in the elution of 
demonstrated with the anti rab seri ACTIVE accomplished by proteol 
ysis and that the quantity of inactive virus 
released by this method exceeds that which 
can be released sol 1 by the emulsification 
of infected brain tissue Although Pro 


tease 15 adversely ; ts the ability of the 


as compared with a titer of 1:5 with the 
normal serum with Protease 15 antigen, 
representing a greater than I28-fold dif 
ference in titer With the same serums 
only a twofold difference in titer was ob 
; ; virus to induce the formation of neutral 
tamed with the Ny-active virus antigen. tihod 
antibodies,’ eurs that the ¢ 
and an eightfold difference in titer with the 
zyme does not interfer vith its comple 
CVs-aetive Virtus antigen 

ment-fixing antigenicity 
Nome ol the sertimis tested evidenced 
anticomplementary HeTIVITS The comple 
ment controls demonstrated that othe 


absence of serum, a minimum of 1 unit of Phe enzyme, Proteas does not miter 


complement would have been available at fere with the complemy Nxing antigen 
the conclusion of the tests lity of the o 


The approximate concentration of active A study was conduets oO ascertain some 
virus in the antigens had been previously of the effects exerts proteolytic en 
determined.’ The Ny antigen contained zymes on the complement-fixing antigen 
about 390 times, and the cvs antigen about ity of rabies : \n antigen was 
» 


, 900 times, more active virus than the Pre prepared by th teolysis of rabbit bran 


teuse antigen per given quantity of tissue infected wi mal Institutes 


496 
run 
( trols 
nt lilution 
Ant 
erum Protease CVs Kabbit hiot 
64 
‘ 
1-4 1:4 
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of Health standard challenge virus No. 59, Con 
,oliom yelitis rus 
fixed (Cvs) strain of virus, with a bacterial — 197 


protease (Protease 15). The antigen was Casals 
tion Test 
Central Nervo 1941 
ence of equine and rabbit anti-rabies 409-425 


capable of fixing complement in the pres 


seruin Koprowsk Serum-viru 
Neutralization Test Laborator ‘ niques in Ka 
bies.” WHO monograph, Geneva, (19 
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Neuropathology of Experimental Salmon Poisoning of Dogs 
W. J. HADLOW, D.V.M. 


Hlamilton, 


SALMON POISONING Was recognized many 
years avo as a distinct infectious canine 
disease enzootic along the Pacific coast 
from northern California to southern 
Washington.’ However, the disease re 
mained poorly defined pathologically until 
Cordy and Gorham * reported their obser 
vations in 1950. Subsequent studies at this 
laboratory ' confirmed their account of 
the basie pathological pattern, These re 
ports described lesions in the more osten 
sibly involved organs and tissues but did 
not include detailed consideration of the 
central nervous system (CN Only brief 
comment on the leptomeningeal reaction in 
6 of 11 dogs with experimental salmon 
poisoning was reported.’” This study of a 
large group of experimentally infected 
dogs was undertaken to establish the na 
ture and distribution of lesions in the 


Metiop 


in ind porto 

rle dogs affected 

duced pomoniing 
methods used to infeet the dogs and a de 
of the ilient features of the experiment 
were reported " ous were obt ned from 
t! breeding colon luborator 
were 4 to months old at the ti 
entall infected, although 
inimals whose ages ranged fro 
ims. Some infected dogs were 


‘ 
die and others were killed, when mori 


infravenou injection of pento 
Them were considered together 
yu of this) stud The remaining 
killed intervals after the characteris 
response occurred A complete neeroy 
microscopic examination of many non 
4s is performed on each dog. Gro 
ccople findings in each instanee were 
inti fo salmon poisoning uneomplien 


recognized spontaneous disense 
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sections and 


photomicrograp! 


Vontana 


fluid 
Phe 


per nt 


Brains and port 
fixed by immersion 
neutral buffered 1 
of | infeeted pup 
formol- saline solu neurona 
fixation Usual 
hardened for three 
olution of potaussiun 
removed for routine 
cluded the ecerebra 
cephalon, midbrau 

i rains were 
were found 
blocks Complete 
i major levels of the 
brains, were used in 
tribution of the lesion 
were removed 
Which, in man 
nl segment 
iffin, sections 
COs 


vith Harri 


Clinical Consideration The veneral 
clinical signs and course of the fullv” ade 
were charac 


teristh of salmon 


adult dog had cons oO terminally and 


veloped expel imental disease 


several others \ scribed as showing 
paralysis’? or weakness of the hind limbs 
severely 


ol dows 


constant 


for several davs before at The 
depressed attitude, chi 
with salmon 
clinical feature 

Gross Finding HeCrODS\ Drains 
from most dogs in f the 
disease exhibited moderi i OCCASION 
ally, severe engorgemen f meningeal 
blood vessels In addition appre lable en 
vyorgement of intracerebral vessels was ob 
served in some dogs that died Several 
brains appeared swollen and others wer 
unusually wet’ The leptomeninges of 
1 adult dog appeared opaque and some 
what granular In others, the pia-arach 
noid presented a slightly cloudy appear 
Detailed observations on this feature 
recorded. Coronal slices of the 


ance 
were not 
fixed brains revealed moderate distention 


SOM 


i modification of Long ! 
‘ of everal uninfeet ! 
eolon were ised f 
4 
bund, in 
i 
to 
febrile 
! iding 
iru tl 
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SALMON 


Such dila 
with medial 


of the lateral ventricles in five 
tation was often asymmetrical, 
displacement and flattening of the fornix 
on the showing the greatest distention 
The moderately dilated left lateral ven 
tricle of 1] pup which died was almost com 
pletely filled with clotted blood 
removed from the spinal cord were free of 
except for petechiae in the gray 
matter of the lumbar segments in 1 dog 


side 


Portions 
lesions 


VWicroscopu Findings — Microscopic le 
found in 34 (91%) of 37 
that died. Changes were not recognized in 
$f dogs killed during the first four days of 
disease. Of the 21 killed after the 
fourth day, 15 (71%) had (table 
l The neuropathological changes did 
not seem influenced by the duration 
of the incubation period or by the type of 
route of 


sions were dogs 


dogs 


lesions 
to be 


infectious material and adminis 
tration used to produce the 
The following 


microscopic changes in the CNs is essentially 


experimental 
deseription of 


disease 


a composite account} based on findings ith 


19 dogs with lesions 

The principal lesions included: (a) dif 
fuse and perivenous accumulation of mono 
cells in the 
mononuclear 


leptomeninges; (b) 
cells in 


nuclear 
accumulations of 
sheaths of small and medium-sized intra 
cerebral blood 
lections of 
both 
queney and intensity of these lesions varied 
their 


constant 


vessels and focal col 


ghia or mesenchymal cells or 


so-called glial nodules”’ The fre 
distribution 
These 
seen in the 
Accumulation of 


considerably but Was 


more or less roscopie 
control dogs 


in the leptomeninges Was a constant change 


changes were not 

Leptome ninges 
most conspicuous change ob 
This change 
scattered accumulations of activated histio 


and was the 


served (fig. 1 varied from 


cytes in the distended meshwork of the 


arachnoid to dense collections of mononu 


eells. In mild 


sumably in the early 


clear reattions, and pre 


stages of more severe 


leptomeningeal responses, histiocytes occu 
pying the spaces of the arachnoid appeared 
to arise from the many hypertrophied cells 
of the arachnoid trabeculae. In brains show 
numerous mono 


distributed 


ing more intense changes, 
nuclear cells diffusely 
throughout the pia-arachnoid, although the 
cells 
ously 
cells from 
histiocytes and included many 


were 


usually were concentrated 


Such 


periven 
accumulations consisted of 


ranging small ly mphoey tes 


intermediate 


POISONING 


Dogs 


Fig. 1—Cerebellar meninges of dog 59, which died 

on day 8, showing mononuclear cells in the dis 

tended meshes of the arachnoid and in the pia 

at the mouth of a sulcus. Azure-eosinate stain; 
SS 


2 ee in sulcus of frontal lobe of dog 
- ‘which died on day 9. The infiltrate consists 


large and small lymphocytes, and 
Azure-eosinate stain; x 375 


of histiocytes, 
a few plasma cells 
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ay 
Md 


W. J. HapLow Am. J. Ver. Rus 


OcTOBER 1957 


TABLE i—Relation of Duration of Disease to Neuropathological Changes in 62 Beagle Dogs 
with Experimental Salmon Poisoning 


Day of disease 
‘umber of cn 2 10 1] 


With lesions 
Died 


Killed 


Without lesions 
Died 
Killed 


Day 1 of the dines 


forms of large lymphoid cells ‘poly adventitia. Mitotic figures were frequent 
blasts of Maximow which possessed Characteristically, in the denser peri 


large, moderately chromatic, sometimes venous accumulations especially rich in 
polymorphic, nuclei, and moderate-to histiocytes and other large mononuclear 
scanty amounts of blue to lavender cyto- elements, cell outlines were indistinet and 
plasm (azure-eosinate stain) (fig. 2 the infiltrate assumed a somewhat ‘‘granu 

Plasma cells were conspicuous in several lomatous’’ — pattern fig. 3 Diffuse, 
specimens and neutrophilic leukocytes occa patchy infiltrations extended along the pia 
sionally were seen. Rarely, a few large and frequently became coextensive with 
binucleated cells were observed. Many of accumulations of similar cells in’ sheaths 
these cells in the leptomeninges doubtless of veins penetrating the cortex. At focal 
were hematogenous. However, numer points, inflammatory cells of the pia 
ous specimens where mononuclear cells arachnoid extended through the pia-glial 
were especially dense around veins, some — barrier to the underlying cortex where they 
‘ells appeared to arise from the vascular often became interspersed with prolifer 


Fig. 3—Cerebellum of dog 112, which died on day 8. There is dense accumulation of mono 
nuclear cells in meninges between folia with extension into the molecular layers. Azure 
eosinate stain (Wratten filter 15); x 90 
Fig. 4—Cerebrum of dog 22, which died on day 10, showing invasion of temporal cortex by 
cells from the meninges. Azure-eosinate stain; x 425 


} 
Re: is the first day of fever (39.6 C. or greater) after sble in ution period 
3 Pa } 4 a 
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Fig. 5—Cerebellar meninges of dog 60, which died 

on day 8, showing three histiocytes which contain 

intracytoplasmic bodies resembling rickettsias 

(Neorickettsia helminthoeca). Azure-eosinate 
stain; x 1,500. 


feature occurred 


the 


ated glia (fig. 4 This 
with notable frequency in 
layer of the cerebellar cortex 


molecular 


Scattered extravasated ervthrocs tes and 
often, focal 


seen 


hemorrhages occasionally 
were the 
Hemorrhage and prominent erythrophago 
brain in which 
the left 
Hecrosis 
but 
often 
The 


Intracyvto 


less 
meningeal exudate 
cvtosis were observed in a 
blood elot found in 
ventricle 


Was 
lateral Small 
in the inflammatory exudate were rare 
the 
engulfed 


a large 


areas of 


pia-arachnoid 
debt Is 


macrophages itl 
contamed nuclear 
small, often highly pleomorphic 


resembling rickettsias, now 
the 
were seen in histio 
the 


) In 


plasm bod 


considered to be etiological avent of 


salmon poisoning 


evtes and macrophages of leptomenin 


veal infiltrate in 6 dogs one 


specimen, where the bodies were tremel 


reminiscent of 


numerous, the pieture was 


the abundance usually seen only in | mpl 


oid 
the 
distributed over all surfaces 


The re 


tissue in this disease 


leptomeningeal respors 


was uniforms 


of the cere aetion 


bral hemispheres 


SALMON POISONING IN 


Docs 


of the meninges overlying the brain stem 


generally was less intense, whereas the re 


was most intense over the cerebel 
Regardless of the topographic loca 


mononuclear 


sponse 
lum 
tion, 
were more dense in the depths of fissures 
suler than the the 

The cellular exudate was especially 


accumulations of cells 


and over surface of 
brain 
dense between cerebellar folia 
the 


few 


In several 
reaction was 


cuffed 


Instances, meningeal 
limited to a 


such anatomic situations 


densely veins in 


Leptomeningeal veins often were dis 
tended 
specimens, 
ous large lymphoid cells and foamy 
cells in 


Some 


numer 


with erythrocytes and, 

their lumens contained 
his 
the 


dis 


tiocytes resembling adjacent 


pia-arachnoid (fig. 6 cells 


played mitotie figures and others occa 
sionally 
rickettsias 
cular 
observed 

Brain 
but 
died 


seen it 


contained bodies resembling 
Intimal proliferation and vas 
necrosis or thrombosis were not 
In about one third of the brains 
predominantly in that 
collections of mononuclear cells were 


blood 


varying in size from capillaries to medium 


those of dogs 


sheaths of scattered vessels 


with nu 
18, which 


Fig. 6—Meningeal vein of frontal lobe 
merous histiocytes in the lumen from dog 


died on day 10. H & E stain; x 


er 
Ch’ 
\ 
fag 


Cerebrum of dog 59, showing proliferation of endothelial and adventitial cells of a 
small vessel of frontal cortex. H & E stain; x 390 
Fig. 8—Medulla oblongata of dog 60, showing dense arrangement of mononuclear cells in 
perivascular sheath. Some cells are probably hematogenous but may seem to be arising from 
the adventitia. Azure-eosinate stain; x 428 
Fig. 9—Pons from dog 24, which died on day 7, showing small vessel in pars basilaris pontis 
exhibiting prominent proliferation of adventitial cells which form a syncytium. Azure-eosinate 
stain (Wratten filter 15); x 425. 
Fig. 10—Occipital cortex of dog 43, showing invasion of the periadventitial parenchyma by cells 
from the perivascular sheath. H & E stain; x 425 
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SALMON POISONING IN 


Small 
Perivascular aceumu 


sized veins (fig. 7 arteries were 


less often involved 
lations varied from a single row of cells 
around small 
around larger vessels and were composed 
of tightly large mononucleat 
cells, histiocytes, and cells with elongated 
faintly nuclei Small 


were 


vessels to three or four rows 


arranged, 
( fig = 


chromatic 


lymphocytes and plasma cells less 


numerous. Cells displaying mitotic figures 
were 


on 


COMMON In some specimens 


two occasions, bodies resembling 
rickettsias were demonstrated in perivaseu 
Often, the 


cells assumed a focal or segmental pattern 


lar histiocytes distribution of 
resulting in prominent bulges in an othe 
unaffected 
verse and tangential sections of th 
Accumulation of 


wise sheath, as seen in trans 


vessels 
sheaths 
seemed to involve prominent swelling and 


cells vascular 
proliferation of adventitial cells as well as 
exudation of cells. Oveca 
sionally, perivascular 


hematogenous 
the 
cell outlines were 


when reaction 
and tl 


svnevilum of 


Was intense lost 


nucle: appeared in a baso 


philie cytoplasm (fig. 9 


¢ 
* 


Fig. 11—Mononuclear cell nodule in tegmentum of 


pons of dog 25, killed on day 9. Origin from a 

vessel was apparent in a section prepared with 

Long’s reticulum stain. Azure-eosinate stain; 
x 160. 


Fig. 12—omali nodule composed chiehy ot 
nuclear cells in occipital certex of dog 43 
stain; x 425 


mono 
H & E 


In sections prepared with the reticulum 
cells 
confined to 
they 
fibers a 


mononuclear 
later 


perivascular 


stain except as 


tioned were reticular 
sheaths 


in the interstices of 


occurred 
well 
yreathy adi 
Vircehow 
vell 


onl 


where 
retieulin 
as in clearly outlined, but not 
tended perivasciilar spaces 
Robin Vascular endothelial 


ing and proliferation wer 


true 
Space 
prominent 


in Capillaries and venules in the cerebral 


and cerebellar cortices pro 


liferation in small cortical vessel ome 


times resulted in occlusion b 
endothelial cells 
Venous 


times accompanied by 


apparent 


and capillary congestion oni 


perivascular hemor 


rhage Was Hlemor rhage Was 


frequent in the cerebral and cerebellar cor 
but wa 


tices and in the medulla oblongata 


never extensive. In some specimen are 


lymphoid cells and foamy histiocytes were 
abundant in lumens of parenchymal ves 
sels as well as in meningeal veins. Vascular 
necrosis or thrombosis was never observed 
Generally, when vascular lesious 
mild they limited to small ve 


the cerebral cortey 


were 
were al 
found 


When 


and rarely 


white 


were 


in the subcortical matter 


4033 
ERS 
one i>. > 4 
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more intense, as in dogs that died, affected 
vessels were equally common in the dien 


‘ephalon, midbrain, pons, medulla, and 
erebellum. Vessels in the cerebellar white 
matter were involved as often as those 
in the cortex Affected vessels were no 
tably less frequent in the basal ganglia 


and hippocampus. These vascular altera 
tions were unaccompanied by detectable 
changes in the surrounding parenchyma, 
other than scanty collections of activated 
microglia in some brains and questionable 
edema in others. However, cells in some 
vascular sheaths had penetrated the mem 
brana limitans gliae and were spreading 
in the periadventitial brain substance 
either diffusely or in the form of nodules 
fig. 10 

Sparsely distributed foeal collections of 
villa or mesenchymal cells, o1 both, were 
present in more than half of the brains 
fig. 11 Such foci were most prominent 
in dogs that died. Ilowever, in any given 
brain these nodular lesions were consider 
ably less numerous than vascular changes 
Many nodules were arranged either eccen 
trically or concentrically about small blood 
vessels. Such relationship to a vessel was 
not apparent in some nodules when the 
azure-eosinate stain was used. Neverthe 
less, with Long’s stain, strands of reticulin 
suggestive of a vessel sheath sometimes 
were demonstrated within these nodules 
Nodular lesions were either compact. or 
loose and were ustially composed of a few 
small pyknotic nucle: and numerous larger 
round or oval, moderately chromatic nuclei 
with little or no discernible cytoplasm 
fiy 12 Some larger nodules BD to 
120 ») possessed large, faintly chromatic 
nuclei with poorly defined basophilie eyto 
plasmic processes that formed syneytial 
masses or granulomas (fig. 15 Although 
a few cells doubtless were glial, the major 
itv appeared to be hematogenous, of ad 
ventitial origin, or from both sources. A 
less frequent type of  nodul usually 
smaller and less compact, was not related 
to blood vessels These were composed 
chiefly of proliferated microglia, oligoden 
dlroghia, or both 

The extreme paueit of nodular lesions 
and their variable frequency in any given 


13——-Deeply basophilic syncytial nodule (gran 
the brain made it difficult to deter 


uloma) in region of dentate nucleus in cerebellum area Ol 
of dog 43. Azure-eosinate stain; x 340 mine a pattern of distribution. Neverthe 


~ less, a general idea was gained when all 
Fig. 14—Mononuclear cell nodules in the molecu ‘ s 5 


lar layer of the cerebellum of dog 2, which was 
killed on day 9. H & E stain; x 180. lesions, especially the larger type, were 


observations were considered Nodular 
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most numerous in the midbrain, 
medulla oblongata, and cerebellum 
were less frequently found in the 
cephalon and cerebral cortex. An 
sional nodule was seen in the hippocampus, 
but the basal ganglia were notably free of 
such Limited 
that the inferior 
tended to be more frequently 
intensely affected by nodular 
inflammatory than 
Elsewhere in the 


pons, 
They 
dien 


occu 


lesions observations sug 


gested olivary nuclei 


and more 
diffuse 


nuclear 


and 
changes other 
medulla 


similar 


masses the 
stem sites of 
were not detected 


the cerebellar 


brain predilection 
The molecular laver of 
cortex often displayed in 
tense inflammatory changes in the form of 
diffuse cells 
proliferated glia and, sometimes, neutro 
philic leukocytes, as well as in the form 
of nodules (fig. 14 To a 
nodules also were present in the cerebellar 


infiltrations of mononuclear 


lesser extent, 
white matter and nuclei 

Mild-to-moderate regressive changes were 
recognized in neurons, but the 
tent of 


assess in the 


precise ex 
alterations difficult to 
material studied. Although 
an occasional nerve cell was surrounded by 
an inflammatory nodule, acute necrosis of 
with or without neuronophagia 
Swelling and proliferation 
of oligodenroglia found in 
brains, but marked changes in 
were not recognized 
lar endothelium, and ependymal cells did 


these Was 


neurons 
was not seen 
were some 
neuroglia 


Neurons, glia, vascu 


not contain inclusion bodies 
third of the 
infil 


Choroid plexuses in 
brains were sparsely 
trated by mononuclear 


those found in the leptomeninges (fig. 15 


one 
to moderately 
cells resembling 
Occasionally, plasma cells were numerous 
neutrophilic 
Often the 
trating cells were arranged in an edematous 
Bod 


found in 


and, in several specimens, 


leukocytes predominated infil 
stroma around widely dilated veins 
rickettsias were 
choroidal 
pithe lium of the plexuse 


resembling mac 


rophages of the infiltrate in o 
animals rarely 
exhibited swelling and desquamation 

section 


Veurohypophy is ( omple 


of pituitary glands were available from 34 
with 


observed in the 


Lesions essentially identical 
those itt thie 
neurohypophyses of 11 dogs (fig. 16 Of 
9 died, and 2 were killed on the 
seventh and eighth days, respectively. Pro 
liferation of the adventitia was 


the predominant lesion, whereas mononu 


dogs 
brain were 


these dogs 


vascular 
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Fig. 15—Mononuclear cell infiltration around 
widely dilated vessels, and edema of the stroma, 
in choroid plexus of lateral ventricle of dog 72, 
which died on day 11. Azure-eosinate stain; x 425. 


proliferation 
infiltration of 
parenchyma of neurohypophysis of dog 99, which 


Fig. 16—Vascular adventitial cell 
and mild diffuse mononuclear cell 


died on day 8. Azure-eosinate stain; x 85 
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nodules only 


In half of the affected specimens, 


clear cell 
sionally 


were seen occa 


the parenchyma was sparsely infiltrated by 


plasma cells, lymphocytes, macrophages 


neutrophilic 
sembling rickettsias were demonstrated in 


and leukocytes Bodies re 
macrophages One specimen 

Spinal Cord.-The spinal cord was not 
involved changes in a 


few 


except for minor 


Leptomeningeal reaction was 


slight or absent and only an occasional vein 


dogs 


exhibited perivascular collections of mono 


nuclear cells, Engorgement of parenchy 
mal blood vessels was variable and, in se 
eral dogs, was accompanied by perivascular 
hemorrhage. A few small, loose collections 
of glia occasionally were seen in the white 


matter 
DISCUSSION 


Although the intensity of the histo 


pathological changes varied considerably 


involvement of the ONs oecurred with regu 
larity (table 1] 
tense inflammatory 
that chied 

Lesions were proliferative in char 
little degeneration 
and This is with the 
basic microscopic pattern of the disease as 


In general, the most in 


changes were seen in 


dogs after a typical clinical 
COUuUrse 
evidence of 


acter with 


necrosis consistent 


seen in other organs, although extensive 


necrosis may accompany the proliferative 
response in lymphoid tissue.** 
The 
early and constant lesion 
tensity over the cerebellum 
tive feature of the neuropathological pat 
tern. In early and mild 
microscopic picture was that of a reactive 


leptomeningeal reaction was an 
Its greatest in 
wus a distine 
responses, the 


leptomeningitis with the formation of his 
tiocytes from hypertrophied arachnoid cells 
in # manner similar to that described by 
Stone.“" The 
that participated in the more intense in 
flammatory often 
arranged, around 
somewhat 


numerous mononuclear cells 


responses were densely 
veins, in a 
remil 
occasionally 


Menin 
appeared to be a pri 


especially 
‘granulomatous 
focal 


pattern 
niscent of the lesions 
seen in other organs of these dogs 
involvement 


rather than secondary 


geal 
mary 
intracerebral lesions, since the parenchyma 


reaction to 


underlying the meningitis often was free 
The nature of the cellular re 
sponse and the morphological demonstra 
rickettsias in 


of changes 


tion of bodies resembling 


inflammatory cells suggest that the menin 


geal reaction is specific (in the sense that 


HApLow 
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it resulted from localization of the etiologi 
cal agent in the 
general response to systemic disease.” Pre 


meninges) and is not a 


sumably, involvement of the leptomeninges, 


as well as other structures of the CNs, is 


incidental to the appearance of the etiologi 


cal agent in the peripheral blood early in 


the course of the disease.*” 
with the 


chat 


Compared meningeal lesion, 


intracerebral oceurred less often 
and displayed greater variation in inten 
Some of the 


types of mononuclear cells in sheaths of 


sity diverse morphological 
blood vessels and infiltrating the parenchy 


nodules, 
16 


ma, either diffusely or a were 


considered to be hematogenous 
ever, proliferation of adventitial cells often 
was the predominant vascular lesion, and 
appearances suggested that these cells also 
infiltrated the parenchyma. Since the ma 
jority of component cells of the prolifera 
tive nodular lesions appeared to be hema 
adventitial from 
the designation, ‘‘glial nod 
applied to such cellular 
inappropriate. The signifi- 
cance of the numerous large lymphoid cells 
and histiocytes in the lumens of meningeal 
blood not 
known, Such intravascular accumulations 
have not been other 
This observation emphasizes the need for 


hematological studies which thus far have 


togenous, of 
both 


ule,’’ so 


origin, or 
SOUTrCEOS, 
often 


masses seemed 


and intracerebral vessels 18 


observed in organs 


been neglected 

The 
mon poisoning can be characterized mor 
mild-to 
meningitis or 


neuropathological changes of sal 


phologically as 
moderate 


representing a 
nonsuppurative 

meningoencephalitis. These 
differ from those usually seen in naturally 
viral 


*hangea 
changes 


CNS 


dogs, e.g 
distemper,** infee 
Although the large 


similarity .to 


occurring infections of 


rabies,’’, canine 
tious canine hepatitis.” 
cellular 
lesions in the brain in toxoplasmosis,’ the 
over-all neuropathological 
mon powoning is unlike that reported for 
cerebral dog.® In 


changes 


nodules 


sugyvest a 
pattern of sal 


toxoplasmosis in the 
many respects, the inflammatory 
resemble those found in the ens of man and 


infected with the 
15, 27 


in laboratory animals 
typhus-like rickettsias.'* 
The etiological agent of salmon poisoning 
is presumed to be small intracytoplasmic 
coccobacillary bodies that characteristically 
occur in histiocytes and macrophages in 
lymphoid tissue of infected dogs.*?* The 
name, Neorickettsia helminthoeca, was pro 
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posed for this agent.’ is thought to 
be more closely related to a group of agents 
resembling rickettsias, which cause local or 
animals,':* 

rickett 
with the 


latter organisms, little is known about the 


domest 
tvphus-like 


disease in 
the typical 
contrast to 


systemic 
than to 
sias.'* In infections 
nature of the CNs lesions in systemic dis 
eases associated with the organisms which 
One of 
considered to be 


resemble rickettsias these agents, 


Ehrlichia the 
etiological agent of a canine disease which 


Canis, 
clinically is similar to salmon poisoning.*® 
detailed the 
found allow 
anatomical comparison of the two diseases 


deseription of 
which would 


However. a 
lesions was not 
Another of this group, Cowdria ruminan 
fium, is the causative agent of heartwater, 
a septicemic disease of domestic ruminants 
in Africa.’® Steek found 
neuropathological changes, although prom 
CNS Involvement 


only minor 


clinical signs of 


characterize the disease. Pronounced leuko 
stasis, as seen in other organs, with 
often packed with 
phages, occurred in the 
addition to 
perivascular 
cortex, cellular 


mans 


small vessels macro 

other 
leukostasis, Daub 
infiltration 


exudation 


absence of 
lesions. In 
ney * mentioned 
in the cerebral 
into the 


litosis of 


subarachnoid and satel 
Both 


rickettsias (C 


space, 
neurons authors observed 
bodies resembling ruminan 
fium) in vascular endothelium, notably in 
the cerebral cortex and cerebellum. On the 
basis of these rather fragmentary obser 
vations, it is difficult to compare the neuro 
pathological patterns of the so-called ‘‘ ani 
mal rickettsioses’’ of Africa and salmon 
polsoning 

nature of the 

the 
prominent of neurological 
involvement in Never 


theless, in view of the pathological findings 


mild 
with 


The generally 


lesions is consistent absence of 


clinical 


salmon poisoning 


reported herein, critical evaluation of the 


Clinical signs and physical findings for evi 


dence of such involvement would seem to 


merit increased attention in future studies 


SUMMARY 


brains and of the spinal 


cords 


portions 


from 62 Beagle dogs affected with 
salmon 
the 


of lesions in the central 


experimental poisoning were 


studied to determine nature and dis 


tribution nervous 


system Engorgement of meningeal ves 


sels Was a common gross finding, especially 


SALMON POISONING IN 


Dogs 907 


that died Microscopic changes 
were observed Ith 4 of 37 dogs that 
died, 11% of 21 killed 
during stages of the disease 
These slight to 


moderate mononuclear 


in dogs 
and in dogs 

advanced 
changes consisted of: (a) 
accumulation of 
which most 
(h) 


changes im 


cells in the leptomeninges Was 
the cerebellum ; 


and proliferative 


intense over eellulas 


exudative 
sheaths of small and medium-sized intra 
cerebral blood 


lections of glia 


focal col 
both 


less 


and (¢) 


Is: 
mesenchymal cells, or 


nodules Intracerebral lesions were 


frequent and less prominent than the lepto 


meningitis and were found most often in 


core 


stem, and 
those in the 


the cerebral cortex, brain 


bellum. Lesions similar. to 
brain were present in the neurohypophyses 


of 1] 


volved 


The spinal cord was not in 
infil 


lesion 


dogs 


except for slight meningeal 


tration and an occasional vascular 
in some animals 

These differ 
from those reported for other natural in 
but 
system of 
infected 
difficult 
whether 
any the 
pathological changes in heartwater or other 
The gen 


in dogs 


neuropathological changes 


fections of dogs resemble lesions in the 


central nervous man and oan 


laboratory animals with typhus 
to determin 


there is 


like rickettsias. It is 


from available reports, 


distinet rene mblanee to neuro 
rickettsioses 


the 


poIsoning 1s 


so-called ‘*‘animal 
erally nature of 
with 
the 
of neurological 


lesions 


mild 


salmon consistent with 


absence of prominent clinieal signs 


involvement 
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The Correlation Between Packed Cell Volume 
and Erythrocyte Number in Canine Blood 


A. UGLIALORO, D.V.M., 


and H. L. ALDER, Ph.D. 


Davis. California 


THE DETERMINATION of the erythrocyte and 
leukocyte number is a time-consuming op 
eration that requires considerable skill if 
reliable results are to be The 
limited time that practicing veterinarians 
can devote to hematological tests often pre 


obtained 


vents them from mastering the technique 
involved well enough to use the 
valid diagnostic aids. The 
that benefits 
such tests Is canine medicine 


testS 4s 
branch of vet 
erinary medicine most from 

Two procedures are essential to hemato 
logical study. One is the Wintrobe hema 
toerit, which provides valuable information 
regarding anemia, hemoconcentration, i¢ 
leukopenia, and leukocytosis. The 


other is the fresh blood film, which reveals 


terus, 


the size, shape, and staining characteris 
tics of the erythrocytes, the presence or 
absence in the peripheral blood of young 
forms of both the erythrocytic and the 
leukocytic series, and makes possible the 
differential leukocyte count 

These data can be gathered easily and 
rather quickly whereas the determination 
of the erythrocyte and leukocyte number 
is time-consuming. Tables that would tell 
the clinician the erythrocyte number for a 
given packed cell volume (pev) would, 
therefore, be convenient 

Schalm and Wood! prepared 
table, in which the rev obtained by the 
Wintrobe method can be used to estimate 
the erythrocyte number 
concentration in canine blood. The data 
they used in preparing this table 
from routine hematological tests made on 
583 canine patients, of different 


such a 


and hemoglobin 


came 


breeds, 
sexes, ages, and health conditions, brought 
to the clinie of the School of Veterinary 
Medicine in Davis. The only evident in 


Dr. Uglialoro is a graduate student, School of eter 


Medicine, and Dr 
mathematica 


nary Alder is associate professor of 


at the University of California, Davis 
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convenience of this table is that the stand 
ard error of 0.74 million for the estimated 
erythrocyte count would allow a fluctua 
tion in the number of erythrocytes greater 
than that permitted for technical 
when actual counts are taken. In 


erro! 
the case 
of low pev readings, the possibility of such 
large variation can easily render the table 
useless 

The chance of error in determining the 
directly propor 
tional to the the erythrocytes 
present in the counting chamber—that ts 
if the pev is zero, the value of the erythro 
Thus, a table that 
vive the standard error for each estimated 


erythrocyte number is 


number of 


cytes is Zero too would 


erythrocyte number obtained from a given 
pov would be more reliable and useful 


MATERIALS AND METHOD 


Forty four purebred, female Beagles between 
land 2 years of age were 
The se 
that 


and one 


used in this experiment 
dogs nutritional 
included the feeding of a 


to two feedings weekly of freshly 


were kept on a regimen 


compound ration 
frozen 
beef heart, cheek, or oxtail at the rate of approxi 
Theme 


parasites 


mately 2 Ib. weekly per dog dogs were 
Their 
Hart 


corre 


relatively free from disease and 


eare has been deseribed by Andersen and 


readings with 


used for this 


From these dogs, 562 


sponding erythrocyte counts 
Standard 


employed as deseribed by 


were 


study hematological were 
Wintrobe The 
erit readings ranged from 26 to 62 mm.; 


cent of the 


techniques 
hemato 
91.6 per 
readings were between 39 and 57 mm 


The erythroeyte counts observed for certain Pe 


values (i.¢., PCV’s of 35, 40, 45, 50, and 5! ire 


shown in the seatterdiagram (fig. 1 


The data revealed that for any given rcv there 


considerable variation in the erythroeyt« 


This 


conditions, be 


wis ia 
absence of 


adith 


counts variation must, in the 


anemic ascribed to technical 
culties in determining the actual erythrocyte 
of the « rythro 


corresponding to a given PCV 


count 
Clearly, the most accurate estimate 
would be 
large 
made for 


eyte value 


obtained by ecaleulating the average of a 


number of observed erythrocyte counts 


that pcv reading. The average for the counts ob 


tained at each pcv given in figure 1 is indicated 


by a cross 
For reasons of 


brevity, let X represent a PCV 


reading and ¥ the corresponding erythrocyte count 


| 909 | 


Fig. 1—Scatterdiagram 
of erythrocyte counts for 
certain PCV values 


RBC (millions) 


1 
40 45 50 55 
PCV 


TABLE 1—Correlation Between PCV and Erythrocyte Number in Canine Blood 
Estimated 


timated 
ryt 


throcyvte 


It should bn 
en obtained 
Correspondi 
mean of only a 
be subject t 


. 
10 
: 
° 
. . 
. 
. 
: 
i 
° 
. 
7 
i 
. 
. 
6 ° 
. 
rev ‘ atic atior 
i4 0.0090 11 664 
i 0.009 i ‘ 
‘ 124 17 
6 4 
i ( 
io 
6 4.21 16 
‘ 174 i i 
4 4544 1 
‘4 
; “1 
0.021 
6 0 ‘ i ol 
oo, 
srefu noted that t alue fy nt tal hiet ild 
have f the mean of a ‘ ' or nfinmite number of erythr t t ! leter 
n the alu t! error app ible to the and 
the rather malik of thro te nt f ‘ t 
our ar 


PackEeD 


method of least squares no 


kno 


throevtes 0 


doin l 


for that 


etation, the variances 


ipproximatel the same 
varinnes 


itively lo 


less than that obtai 


rocevte cout 
tf any 


Thus, for ex imple, 


ing is no 
iding 
throevte eounts for a pcv of 35 
that of throe 

O64 
common \ erythrocyte 
estimate of that 


a high re 
ance of tel 
found to be eight e1 


counts for ; Wis Assuming then 
eounts Tor 


vari 


where nis the number of pairs of observation 


this case, 
formula 


thro 


To determine the with which 


gives the desired averages, metual er 


e counts, is necessary to determine for each 


standard deviation of 


that for a 


reading tl iriance or 
be shown 


this 


given 
variance is giv 


obtained from formula 
with the 
obtained fron 


vhere is the 
The value f ¥ 


viations sly 


Varinnes 
together 


correspo 


ing standard 


foal e 1 


AND C'ONCLI 


SION 
The presumptive values for the erythro 
cyte obtained by Sehalm and 


Wood were found to agree closely with the 


numbers 


values presented in table 1 in spite ol the 
different 

Thus, for example, we see table ] 
that, with a probability of 95 per cent, the 
mean erythrocyte number for a pev of 35 
5.67 2(0.0226) and 


Schalm and Wood give 


material used 


from 


must be between 
9.67 + 2(0.0226 

the corresponding presumptive erythrocyte 
number as 5.68, which is within the speci 
fied range. The the 
and Wood obtained are similarly within the 


rest of values Schalm 


AND ERYTHROCYTES 


IN CANINE Biawop 911 


this 
values Cor 


table 1 of 
few 


range specified by paper 
with the 


responding to low pcyv readings 


exception of a 


The following conclusions were reached 


1) The 
pov and the mean erythrocyte number in 
While this 
has for healthy 
dogs, it will ordinarily also apply to those 
of the 
erythrocyte in dogs is not usually altered 
This 
with that 
is usually of the normocytie normochromiu 
type. In fact 
mia in dogs oecurs rarely and the 


correlation existing between a 
canine blood is fairly constant 


been demonstrated here 


suffering from disease since the size 


in case of disease Statement agrees 


the observation anemia in dogs 
the macrocytic type of an 
micro 
blood 
loss Is seen mostly in the southern part of 
the United States 
other blood-sucking parasites are frequent 
2) The 


with decreasing values of 


eytic type of anemia due to chronic 


where hookworms and 


standard error s(y,) decreases 


rev because the 


accuracy of prediction of the erythrocyte 
number (y, 
of pev (x 
we must 


Y, 0 


increases with smaller values 
, as we are certain that for x 7) 
quently 


have and, 


standard error 


table 1 


very precise prediction of the mean eryth 


3) The generally small 


confirms the finding that allows a 
rocyte number from a single pov reading 
limiting the actual counting of erythrocytes 
to those rare cases in which clinical exami 
nation and observation of the stained blood 
film indicate it to be necessary 


SUMMARY 


A statistical evaluation of 562 packed 
cell volume (Pc 


and corresponding erythrocyte counts has 


re adings of eanine blood 


been presented 

The analysis proves that in the case of 
canine blood the Poy 
readings and the mean erythrocyte num 
better appear from a 
superficial observation. The 
number therefore, be 
mined to a high degree of accuracy directly 
the rev. The 
deseribed and a 


correlation between 


ber is than would 


mean eryth 


rocyte Can, deter 


from a single reading of 


statistical procedures are 


table shows the values obtained 
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Chemotherapy of Canine Filariasis 


SEIJI KUME, D.V.M., Ph.D. 


Fuchu, Tokyo, Japan 


or man or 


THE CHEMOTHERAPY of filaria infections of — been 
man or animals requires chemical agents  (@omestie animals, on! me few which have 
which will destroy the adult worms. While “ew significant 

y t compounds, sor ie] e never been 


the location of the adult worms varies 


ited. Among 


markedly with the species, the microfilariae 
mim is ‘ cTo organi com 


are usually found in the eireulating blood pounds of mereut yancrofti,:™ D 
Much of the earlier work on this subject = immitis.” and Litomosoides « :, naphtha 


has utilized the microfilariae as the index — lin against W incro ind) formalin 


Ss. equina 


of effectiveness of therapeutic agents. Un iguinst 
fortunately, this has not been a satisfac The eyanine dye lin me categor 
tory method since the activity of chemicals 1947, Welch ant 
against the adult filariae is not parallel to 
filariae are all phylogenetically closely re astidin id The ( 

lated, which may be the reason many chem }, 6-dimethyl-2 phe nide anine chlo 
ial agents show similar activity against ide as the most pr , of t group. They 
the adults of several Species Moreover \ hown marked bere ‘ ietivit 

‘inst W. banecrofti i nal id imm 
the dog. While the dults of L. carinii in 


the cotton rat, the Hi itiall no effect on 


there is much more similarity in the ae 
tivity of many chemicals against adult 


filariae of several species than against the 
the adults of D nm 1 w dog, and nothing 
is known of their ity idult filarias 


Since the filariae of man and of domesticated 


adults and microfilariae of any one species 


is 
inimals can not be made to develop in small thaw ave tan tanks 
laboratory animals, it becomes necessary, for 
hemother: utie studies, t tilize species 
chemothe udLeSs, 0 utilize i pect ( OMPOUNDS FECTIVI AGAINST ILARIA 
which occurs naturally in an animal which can be 
maintained in the laboratory, The most convenient Only three groups of compounds have 
species would be Litomosoides carinti, which para been used extensively against filariasis of 
sitizes the cotton rat (Sigmodon hispidus), but it man or domestic animals: the piperazines 
ix not found in Japan, In addition to those in and organic compounds of antimony (Sb 
wild animals, the nine species which oecur in this , . 
and of arsenic (As 
eountry are Wuchereria bancrofti and Wucher 
Antimonials Until recently, filariasis 
ceria malayt in man; Setaria digitata, Setaria mar . 
was treated almost exclusively with tri 


shalli Setaria labiatopayllosa ind Onchocerca 
valent antimonials. Since Thiroux, in 1910, 


guiturosa in eattle Sefaria equina and Oncho 
corea cervicalix in horses; and Dirofilaria immitis reported the destruction of the micro 
in dogs filariae of W. bancrofti in man, there have 

Dirofilaria immitis, which is common in the dog been many reports of the microfilaricidal 
in Japan, was chosen from among these for thera action of antimony against 4 hanecrott 


peutic studic The miecrofilarias thi ween lithium antimony thiomalate Anthiom 


ippearo in the peripheral blood in 


aline antimonecolloid sodium 


ell it night The loeation is y dul 
antimony tartrate ivVistibamine (Neo 
is restricted to the right ‘ : 


Phu the 


microt 


stibosan) ; Onchocerca volvulvus 


stibophen and tartar 


stibosol tibophen 


nl examin 
lithium antimony thiomalate,'’ sodium 
ANTIMONY antimony 


xvlitol;' antimony 
xvlitol. 
The action of antimony against the adult 
or Kume professor of ‘ ‘ 
School of Veterinary Medicine, Tokyo rsity of Ag worms has been less dramatic. However, 


culture and Technology, Fuchu the destruction or injury of the following 
The author is indebted to Gilbert F. Otto, Abbott : ¢ 
adult filariae by antimonials has been 


Laboratories, for assistance in editing tl manuscrip 


t of i eher ( mst 
heurt 
determit ! ! Kitiy 
912 
= 


4 
7 
d Zaés 
2 
‘ 
a 
oO 
| 
< ro) 
foal 
3 


914 


reported: O. volvulus stibophen and tar 
tar emetic;* D 
loid and tartar emetic 


stibamine (Neostam 
1S 


immitis—antimoncol 
and 


ethylstib 


carvnit 
and 
Amine 

Of particular significance have been the 
of the sterilization of 
adult their 
by organic compounds of antimony 


recurrent reports 


females, without destruction, 


Hewitt and his co-workers, 
action 


Piperazines 
in 1947, found the 
of the substituted piperazines and reported 
that piperazine 
hydrochloride (diethylcearbamazine, Hetra 


microfilaricidal 


zan, Caricide) was the most active lts 


nucrofilaricidal action against many spe 
, against L. cart 


han 
Loa and O 
But, as pointed out by the dis 


cies Is now recognized 1.4 


croft: W 


malay,” 
volvulus! 
‘the action against 
worms is at best 


Supatonin) is the pre 
‘4 


coverers of this drug,*° 
the adult 
Japan, the 


uncertain. In 
perazine citrate 
ferred drug 

and W 


shown 


hanecrott 
Th 


diethylearbamazine 


against W 
malay author 
that, like 


trivalent antimonials, it is) pri 


has 
and the 
marily microfilaricidal 
Irsenicals Ikegami,’' in 
1920, 


(Arsaminol) against W 


Apparently 


was the first to use arsphenamine 
bancrofti in man 
been 
4 


many arsenicals have 


Subsequent ly 


used, 
Atoxyl,”’ and neoarsphenamine * have also 
Although 
clinical improvement has been reported by 


been used in canine filariasis 


many, only in a few cases was any 


microfilariae 
then 
in sharp contrast to the 


elimination of the 


70,70 


nution or 


reported and even they 
dliminished slow ly 
anti 
mony. There that 


the adult filariae had been destroyed and 


results following the use of trivalent 


was no direct evidence 


little consideration was given to this pos 
Rather, the 
wa largely assumed to be due to the tonite 
effect of Accordingly, the 


arsenicals were not seriously considered as 


sibility Clinical improvement 


the arsenic 


specific therapeutic agents prior to 1945 
In 1945, Otto and Maren ® called atten 
tion to the lethal effects of the phenyl 
the adult 


arsenoxides on filaria and intro 
duced bis 
thiacetarsamide, 


They 


microfilaricidal 


arsino |-benzamid arsen 


amide, Caparsolate sodium found 
little 
activity 


cotton rat or D 


evidence of dtreet 
either / 


in the dog 


in the 
Rather 


Kumi 


im. J. Ver. Kes 
OCTOBER 1957 


died off 
months or 
adults 


the microfilariae have 
slowly period of 
destruction of the 
Hlowever, the 
bancrofti disappeared grad 
15-day treat 


appear to 
over a four 
more after the 
by this arsenical.® 
filariae of W 
ually during the 


64,66, 607,51 


micro 


course of 
ment 

The author, in the 
studies, 


course of the present 
extent of the 


vreat 


has determined the 
microfilaricidal action of a 
chemicals which have been used previously 
and has studied the effect of of them 
on the adult worms. One arsenical, dichlo 
rophenarsine hydrochloride 
appears to kill the adult 
little as three 
doses and to be ! ) ated 
by the host 


many 
some 


Kilarsen 
worms regularly 
daily 


with as intravenous 


MATERIAI 


Dogs infected, 
tally, with D 


experimen 
drugs 
jee on had 


were 
daily b been 
used previously were 


reported dosage whedule + well 4s at several 
time those doses 
Microfilaria count ) k jlood smears 


before 


treat 


containing ) ood er mad 

treatment and dail dur th course of 
ment To avoid an possible ortion due to 
blood given dog 


made at the ime time rf e day 


periodicity, all mears fro 


were 
eriods ¢ 


anunals were eleetroc 


treatment, at which ventricle 


the heart and the pulmo 


ined for adult worms The worm overed were 


placed in warm pl iological olution in 


order that iny of might be 
detected 
In view of 

that the activity o itin enhanced b 
the coneurrent use experiments 
vere et up to con r ‘ mo blood vels 
in dogs receiving 
ind without eon 
sulfamethyithiazeo 
bs M 


the rhodamine BR eon 


Vicrofilaricidal lh 
stances, the 


most in 
after the 


treatment with the antimonial compounds 


ompletely 


appeared shortly completion of 


The rate of disappearances i “at to fol 


vardless ol 


low three basie patter re 
Whether the drug is given intramuseularls 


table ] 


may be an 


intravenously 


there 


subcutaneously, 
With the 


initial 


lowe! doses 
number of 


blood, 
by a fluctuating number over 


Inerease in the micro 
followed 
a period of a 


finally, by their dis 


filariae in the circulating 


week or two. followed 


Me ) 
Ihe 
ifter 
of 
= 
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appearance or reduction to a low 


With a 
slight 


very 


number somewhat larger dose, 


there fol 
lowed by a rapid reduction and disappear 


may be a initial increas 


ance. With an initially heavy dose or doses 
5.0 to 10.0 of Sb/kg the 
filariae diminish rapidly disappear 
without initial 
the 
produced a 
those remaining appear to be 


mg micro 
and 
In 


treatment 


any Inerease some in 
early 


gradual 


stances, when has 


finally 
microfilariae, 


reduction in 


somewhat resistant to the antimony so that 
with treatment they 
Furthermore, 
the 
short 


even continuing are 
graph ] 


antimony 


not eliminated 
the effect of the 
filariae continues 
When a 
given in rapid succession, the microfilariae 
after the 
treatment 


for only a time 


single dose or a few doses are 


increase in numbers 
third or fourth day of 

Although a 
cated that 
microfilaricidal 
mony, such 
these experiments 


begin to 


the 
anti 
obtained in 


previous report has 


sulfonamides enhance 
activity 
evidence 
table 1 
tration of stibophen in daily doses 
of Sb/kg the 
but the administration of 
sulfamethylthiazole (50 ky.) did 
the rate of microfilaria destrue 
may even have Ac 
cordingly, antimony blood levels were ob 


mig 


may 
of trivalent 
ho Wis 
The adminis 
eliminated microfilariae, 
simultaneous 
my not 
increase 
tion and retarded it 
tained on 4 dogs given stibophen (1.5 


of Sb/keg and then, 15 days later, the 
ky 


table 


same dosage of stibophen plus 100 mg 
The results 

suggest that the sulfonamide depressed 
This appears 
the 


of sulfamethylthiazole 
blood content 
both the 


the antimony 
to be for 
cellular elements 
Of the 
naphthalene, 
had relatively 


true plasma and 
compounds 
eyanin dyes 
little effect 


microfilariae in the doses given 


nonmetalhe 


flavine, and 
formalin upon 
the table 
The slight reduction in the number of 
microfilariae following treatment with aeri 
flavine the 


not comparable to that following 


and naphthalene, in a few of 


dogs Was 


TABLE 2 
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Graph 1—Persistence of microfilariae (dog 11) 

deepite the continued administration of antimony 

(stibophen). Arrows indicate the times of treat 
ment 


the use of trivalent antimonials. The effect 
of piperazine 
citrate than 
Nevertheless, there was a consistent 


re ported 
reduce 
table 
4). The reduction was marked when doses 
of 100 to 200 given daily, 
but occurred also with daily of 50 
ky. table 4 

The arsenicals had comparatively little 
effect upon the microfilariae (table 3). The 
reduction the 
dog receiving Carbamisin, although there 
appeared to be SOTHE reduction effected by 
Solminol, Neostib 


The latter is an organic compound 


less has been 


Was 


tion in the number of microfilariae 


my./ke. were 
doses 


mig 


vreatest microfilaria was it 


neoarsphenamine, and 
arsen 
of both antimony and arsenic 

the 
failure of dichlorophenarsine to reduce the 
their 
after an initial increase 


There is a sharp contrast between 


marked 


Neo 


number of microfilariae and 


reduction by 
stibarsen 


tdult 


dogs 


In 


with 


treated 
and 


tyainst 
infected 
antimonials 


the naturally 
either of 
shortly after completion of treatment (ta 
ble 5 table 6 dead 


recove table 


two necropsied 


dogs 2-&: 


red 


wortns were 


from only ] dow i 


Concentration of Antimony in Blood (yg./5.0 cc.) After an Injection of 1.5 mg. of 


Sb/kg. only, and After the Same Dose of Sb in Combination with 100 mg./kg. of Sulfamethy! 
thyazole (SMT) 
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Kven from this dog only tof the 27 worms 


recovered were dead However, only 3 


living worms were recovered from the ani 
allowed to live four 
table 5, dogs 1 and 9-14 

of dead 


no count 


mals which were 
months longer 
A considerable 
fragmented 
Young 


are more difficult to kill than fully 


worms 
could 


number 
that 


WOTTHS 


were 
be 


turity 


made just before 
worm therefore, a 
ol the 


using 


mature more rigorous 
anthelmintic 


such 


evaluation activity 1s 


worms for testing 


had 
treated 


afforded by 
been ex 
with 

he 


Was 


Accordingly, 3 dogs which 
infected 
the 


Still immature 


perimentally were 


were 
This belief 
killed 


the completion of treat 


Lyo-antimon while 
to be 


confirmed at 


lieved 
necropsy. One animal 
three days after 
ment, yielded o4 living 


(table 7, 


worms 
killed 


over four months later, yielded no living 


lmimatiure 


dog | while 2 animals 
Worn 


It is 


and many fragments of dead worms 
evident that 
killing both mature and 
the heart if 
Hlowever, all the dogs 


antimony is capable of 


wortis 
allowed 
suffered 


and it Is 


in sufficient time is 
tables 5-7 
toxic effects from the antimony 

doubtful if such 


routine practice 


doses eould be used itl 


vomiting, 


arth 


The signs of intoxication were 
loss of appetite and vitality, fever 
ritis, discharge from the eyes, and orchitis 
All 
than three or four 
Antimoneolloid (1.5 


dogs which were 


viven 
table 


ky 


Ith male dogs 
Injections 
of Sb 


Sb 


more 
ol ni 


ot 
tables 6 and 7 


ky be 


that it would 


or Lyo-antimon 


cume so weak 
have been impossible to continue the treat 
ment except in experimental dogs. There 
of the total leuko 


some deerease of erythro 


marked decrease 
count with 
platelets, 
the 
probably 


WHs a 
eyvte 
cytes, hemoglobin, and serum 
sedimentation rate 
of the 


Damaged neutrophils 


protein; 


creased because decrease 


of fibrinogen prin 


cipally with basophilie  granul and 


TABLE 4—Effect on Microfilariae and Adult 


Worms of 


KUMI 


Allsocytosis, porkilocytosis and punctate 


basophilia of erythrocyt were also 


obse! ved 

VOr UNIS table 
receiving 
103 days, re 


Only living vered 
at 


the piperazine 
spectively, after 


vere reco 
the 


necropsy of 5 ot 
31, 36 

completion of 
th series ol 
arsenicals table 
lowed by the 


rOopsy, 


treatment. 
with 
fol 
Nec 
OXY 


14 


Among treatments 
three 
worms 
of 
revealed 
dog 
Neostibarsen 
dead 
simultaneous 
hy drochloride 


only were 
recovery of dead 
ten days after three 
hyadros hloricd 
living and 6 dead 


doses 
phenarsine 
tuble & 
a similar 
vielded 9 
table & 
of 
and stibophen 
table & 
Further studies 


killed by 


procedure with 
worms and ] 
Z After th 


dichlorophe 


living one 
dog 
Only clear 


licated that the worms 


Vorms were re 


covered dog 
the 


were 


dichlorophenarsine 


Dogs which received dic hlorophenarsine in 


of 1.0 of 
ropsied ten days after 
dead 
three 


Was 


three or doses 
As 
the 


Wortis 


more daily my 
and 
of treatment 


The 


daily doses ol 


ky were nee 


start yielded only 
dog that received 
1.0 of As/kg. and 
killed the fifth day after the first injection 
yielded Kven 


eived only two 


only living the 3 
10, 11, 12) which ree 
daily doses of 1.00 mg. of As/kg 
killed 20 to 30 days after the 
tion produced only dead worms 
fourth 13), killed 15 days 
first vielded lead 
worms. <A dos 
destroyed all the worms 
7 the 
this 


Worms were 


worms 
dogs 
and 
first 
while a 
after the 
living 
As 


days 


were 


myec 


dog 
injection and 


single me ky 


ten dog 
llowever. in dow 


dose 


found 


en died only 
dead and 4 
dog 9 The 
than ten days 
which yielded 


two days after 
living 
animal examined les 
after the ol 


only dead WOTTHS Vas 


only 


start treatment 


one 


which 
As 
( nical 


the 


received two daily doses of ky 
that thi 


quickly if 


mi 
It would 


kill the 


appear 
adult 


itl 
dose IS 


Daily Oral Doses of 1-Diethylcarba 


myl-4-Methylpiperazine Citrate (Supatonin) 


145% 
t t tor bon 
i 
i 
i 
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sufficiently large, but if smaller doses are 
used, the drug must have a longer time 
to act 

None of the animals which received three 
injections of dichlorophenarsine hydro 
chloride in daily doses of 1.0 mg. of As/kg 
showed any indication of serious intox) 
cation, although there was occasional vom 
iting immediately after the injection, The 


loid ) 


vomiting was more frequent and more 
severe in the 2 dogs (1, 2) which received 
this daily dose for seven and 1) days 


respectively Severe reactions developed 


( Antimonco 


only in the 2 dogs (7, 9) which received 
single doses 3.0 mg. of As/kg. They re 
fused to eat, had frequent and severe bouts 


Glucose 


of vomiting, and became weak rapidly 
One (dog 9%) died two days after treat 
ment, but the other (dog 7) appeared to 
be well on the way to recovery when it was 


killed ten days after treatment 


Diset 


The writer * has previously reported 
that nonmetalhe compounds, such as acri 
dine dyes eyanin dyes naphthalene and 
formalin failed to injure the adult filariae 
Likewise, organic compounds of mercury 
or bismuth have failed, in the author’s 
experience, to injure these worms 


The ey per sented hie re that the ] 
drug 
do not kill the adult filartae, is in accord 
with many previously published reports 

The antimony compounds are remark 
ably microfilaricidal, but the effect upon 
the adult worms is slow and uncertain 
Dead worms were not found regutarl! 
until four months after treatment leur 
thermore, the doses of antimony required 
to effect hi delaved death of the 
adult worms proved toxi 


used It is clear that nen 


> 
E 
< 
A 
3 
< 


antimoni i no value 
and i by used only ith 
While antimonial 
Value ) the destruction 
adult filaria eur possible 
not 
it 
ulted 
from the periph 
Somewhat matier dose ma 
an initial in the cones 


crotilari efore their di appeal 
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TABLE 6—Fate of Adult Worms in Naturally Infected Dogs at Short Intervals After Dis 
appearance of Microfilariae Due to Daily Injection of Sodium Antimony! Pyrogallol Sulfonate 
(Lyo-Antimon) 


ane Still smaller dos comparable to ment, it may be difficult or impossible to 


those which have been used in routine destroy them with further antimony treat 
prac 


we, may produce a marked fluctu ment. They appear to develop” resistanes 


ation in the numbers of microfilariae for to the antimon Since antimonials are not 


TABLE 7-——Fate of Adult Worms in Laboratory-Infected Dogs After Daily Injections of 
an Antimonial (See Table 6) 


Is COM 


a week or two, followed by their ch appear well tolerated by many dogs, it 
ance or reduction to a low level. When the mon practice to initiate treatment with 


microfilariae do not ultimately disappear low doses and increase the dose if the 


as a result of the initial course of treat animal shows no evidence of intoxication 


TABLE 8—Treatment of Adult Worms with Daily Injections of Several Arsenicals 


No. of 
days fron 
t atment 
Adult worms 
ame of N ‘ to 


preparatio necrops ‘ Dead 


enar x 3 l 6 


920) 
la 
fromd ippea 
ance otf 
Ie f wl filarine t t 
teal ' 
Dead wort ntewrat nat art the number ar t t i 
Dog 
\ ke 
Thiacetarsamide 1 x 
mlium areat at 1 x l 
) ifarsphenamir 
6 namir | 
7 mit 
> 
; mit 
M i 
‘ mit rate t ta 
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TABLE 9 


the 
this 


chure 


Krom the 
microfilariae 
the 
when using antimony. It 
that the 
inh the 


the doy IS 


stand pre Int of trying to cleat 
the blood 


poorest 


from stream 


be possibl pro 


seems clear, how 
most valuable use of anti 
treatment of D 
Infection im for the ruction 
of the Initial heavy treat 
ment is the most effective for this purpose 

If the the 
microfilariae, it probable 
that they would disappear more 
when the antimony is 
into the blood than 
jected subcutaneously or intramuscularly 
There is the litera 
ture ™"* that this is the case. However, in 
experiments, the route of 
of did 
influence the rate of disappearance of the 


(table 1 


combination of 


ever. 
dest 
microfilariae 
anutimonial 


acts directly on 


would appear 


rapidly 


injected directly 


stream when it is in 


some suggestion in 


these adminis 


tration antimony not appear to 


microfilariae 


The antimony and sul 


fonamides appears to be no more effective 


than alone. Contrary to a 


VIOUS 


antimony 
report,” 
which suggested that the sulfonamides may 


pre 
evidence was obtained 
reduce the antimony blood level and retard 
the 


arsenicals, 


microfilariae 
the or 
nonmetathe 


Its activity against 

The 
vane 
substituted 
little or 
filariae of D 


studied 


unlike 
the 
piperazine, apparently 
vivo effect upon the 

Several of the 
well for 


against syphilis 


orvanic 
antimonials and 
have 
no micro 
Com 
ther 
How 
hlorophenar 
the adult 
discovery Apparently 


tl 


and 


pounds are known 


the rapeutie value 


evel the activity of 


hydrochloride against filariae 
appears to bye a 
this 


series of 


Mare n.* 


included in 
stuchied DY (otto 
10 mg 


compound was not 


arsenicals 
Three daily 


doses of 
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Fate of Adult Worms After Daily Injections of Dichlorophenarsine-Hydrochloride 


adult 
kill 


As ky. flicie all the 
hiv 


appear to be 


wort ten 


doses sullicient to 


dlatly 
Such 


the worms but more slowly close 


only minor imtoxication 
slivht 
alter 


are practical sim 
vomit 


the 


has been observed. t« only 
immediately 
administration of the drug 
Otto Maren 
the 


is as effective as the 


On occasion 


that with 


dose al 


found 
total 


dichlorophe 


and 
thiacetarsamide 
arsenic 
arsine which we have used Hlowever 
thiacetarsamide must be given in 1) daily 
than 0.2 of As/kg 
whereas, dichlorophenarsine, three 
daily doses of 1.0 mg. of As/kg. is effective 
Otto Maren’s short treatment 


thiacetarsamide 


doses of not less mg 


with 


only 
utilized 


and 
with somewhat 
higher and more toxic doses and the dogs 
died three and five days after treatment 
that short 
exposure to the arsenic. It is possible that 


SO the worms received only a 
they did not adequately explore the short 
thiacetarsamide 
here, 1 


dose of 


course of treatment with 
In the 


eerye d 


dog re 
exactly same thiace 

10 As/kyg for 3 
was found effective with dichloro 
At 


W hen 


studies reported 
the 
tarsamice mye. of daily 
days) as 
necropsy ten days after 
dead 
found after the use of dichlorophenarsine 


this animal 


phenatr 


treatment only worms were 


were found in 
This 
the 


tude 


neo cle ad 


table 


and 


dog 3 


that dichlorophe Hnarsinie is 
of the two Further 


more 


drugs 


SUMMARY AND Co I 


study have confirn 


the principal activity 
Hetrazar 


piperazine Stipatonil 


OcToOBER 19 21 
i in 
are it 
progre 
These the fin 
hig that ) 


SELII 


Caricide, and Banocide) and the organie 
antimonials, in filariasis, is against the 
microfilariae, The piperazine failed, in a 
limited number of dogs, to show any ac 
tivity against the adult filariae The 
activity of the antimonials against the 
adult worms was slow and uncertain and 


even the doses which produced delayed 


destruction of the worms were invariably 
tox Kvidently, the only value the sub 


tituted piperazine and the antimonials 
have in filariasis of man or dog | in the 
destruction of the microfilariae 


evidence of filaricidal acti y Was 
demonstrated for acriflavine, naphthalene, 
formalin, or the organmie compounds of 
mercury or bismuth 

The marked activity of the organic 
arsenicals against the adult heartworm 
(Dirofilaria immitis) of the dog is’ fully 
confirmed Dichlorophenarsine hydrochlo 
ricle Kilarsen), hitherto untried against 
this infection was found to be = active 
against the adult worms and well tolerated 
by the dog It appears to be more rapidly 
active than thiacetarsamide since two or 
three daily doses of dichlorophenarsine are 
ufficient to kill all the adult worms. Three 
daily doses of 10 my. of arsemie (As) per 
kilogram of body weight will destroy the 
adult worms in ten days; with two such 
doses, their destruction appears to be 


slower 
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Detection of Anaplasma Marginale by Means of Fluorescein- 
Labeled Antibody 


M. RISTIC, Dipl. Vet., D.V.M., M.S.; F. H. WHITE, Ph.D.; D. A. SANDERS, D.V.M. 


(jaine lle Flo ula 


IDEN TIFICAT 
the blood 
cattle u 


characteristic 


lnapla nad marginale 
and ther tissues of infected 
reaction 
tai 
enipl purype 
1) 
Ol homovenedt 
to win size. While 


the deteciton of the 


characte 

organism, the 
results obtained are 
tive This 
Infections where only a few Anaplasma in 
there 
fore, desirable that a specific and practical 


olten on presump 


is especially true low-grade 


clusion bodies are demonstrable, [It is 
method be developed for detecting A. ma 
within infected 
Kor this purpose, use of the 
labeled antibody technique of Coons eft al.' 
The basis of the test 
immunochemical properties of the antigen 
wherein the 

renders the 


tissues of animals 


fluorescein 


was explored involves 


antibody complex combined 


Huorescent antibody organism 
under the fluorescence 


This report describes the use of fluores 


visible microscope 
cein-labeled anti-Anaplasma globulin as a 
means of detecting A the 
blood of cattle suspected of harboring the 
In addition, the inhibitory effeet 
upon 


may gunale ith 


agent 
of nonlabeled homologous antibody 
the reaction will be indicating 
that the method might offer important ad 


vantages in the diagnosis of anaplasmosis 


deseribed, 


MATERIAL AND METHOD 


Source of fnaplasma and Immune Serum 


Anaplasmata used in this study were secured from 
ittle in Florida affeeted with aeuts 
Blood 
body 


ina plasmosis 
used for staiming with anti 


and after 


samples 


were obtained, prior to splenec 


ilfate t Phe precipi 
lleected b igatio t 1200 g for 
if | i int fluid was re 
the ‘ en lissolved in distilled 
The solution igainst U.So per 
eent sodium ehloride solutio ( Kach milli 
liter of 


dialysate w dialyzed against approxi 


mately 333 mil ) " odium eh solution 
Dialysing fluid was changed ever ix intil 


sulfate, as «ce 


orice 
hours 
the dialvesate was negative for 
termined by the barium -chloride 
This 


duration To 


precipitation re 


action period was usually of four days’ 


increase the concentration of the 


volume of the solution was reduced 


giobulin, the 


by evaporation through a dialysis sa¢ The final 


concentration of crude globulin was 1.5 Gm./100 
Siuret 


Ana 


found 


solution as determined by the 
tested for 


mil, of saline 


reaction The above solution 


plasma complement-fixing antibodies and 

positive in a dilution of 1:160 
Conjugation of Globulin Fraction The globulin 

diluted b 


buffer, pH 


solution was 


addition carbonate 
mar The 
combining 
NaHCO,, 


Vvanats 


bicarbonate 

proper pu of the buffer w 

parts of Naso, witl parts of 
wh at 0.5 M concentration 


vas prepared, starting trophthallic 


ind resorcinol and folle n detail the 


method of Coons and Kap o- fluorescein 


in the form 
the globulin 
ght on an 
thre proportion of 


mg of prote 


ex] lhe 
i f nf f t mit 
per 
| itu 
tiolr t ind placed 
| gitator 4 ¢ For conjugation 
Department t ‘ ersit y resceln per 
f Khe ln la \ tura t tatior 
part f tier titut +} 
| ne 
nd nfeet at tut of 
lar n tl t t rt 
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DETECTION OF ANAPLASMA MARGINAL 


TABLE 1—The Fluorescence Reaction of Bovine Blood Preparations Exposed to the Action 
of Various Serums 


Whole carrier 
blood with no 


inaplasmata 


ind kept gerator for 
stored at used later 
Preparation, Fixation, and Staining of Blood id not oeeur 
Films \ drop of the blood to be tested was Inhibition of th | ‘ Stung 
placed on a glass slide and spread over an area Unlabeled Immune Serum od films, prey 


approximately 1 em. in diameter, The slide was from Anaplasma-infeeted animals, were 


dried air at room temperature for at least 30 with unlabeled anti-Anaplasma serum at 


minutes and preserved in a refrigerator if not for one hour The films were washed with saline 


stained immediately Before staining, films were solution, after which the conjugated homologous 


fixed in absolute aleohol for ten seconds and air antiserum was added and the preparations incu 
dried. For staining, films were treated with a drop 
of fluorescein-labeled anti-Anaplasma globulin and 
incubated at 37 C. for not less than one hour. To 
avoid excessive evaporation in the ineubator, the 
preparations were placed in covered Petri dishes 
Thereafter, the slides were washed in buffered 
saline solution, pH 7.2, for ten minutes, followed 
by washing in distilled water for five minutes 
Films were mounted in buffered glycerol (9 parts 
glycerol, 1 part phosphate buffer, pH 7.0) and a 
cover slip was applied. 

Fluorescent Microscopy.—A_ 1,000-watt, high 
pressure, mercury vapor bulb with a water cooling 
assembly, mounted in a modified Bausch and 
Lomb research lamp housing, was the source of 
light. The microscope was equipped with a ear 
dioid dark-field condenser. The fluorescence was 
observed in a darkroom using a 2-mm, oil immer 
sion objective with a 10 x ocular containing a yel 
low filter. Photomicrographs were taken on 35-mm 
‘* plus X’’ film, using exposures of approximately 
three to four minutes. Intensity of the fluores 
cence was visually estimated and recorded as 
follows: 0 no fluorescence; 14 low intensity 
fluorescence; 2 fluorescence of higher inten 
sity: 34 very strong, sharp, yellow-green fluo 
rescence 

Preparation of Control Film Specimens 
certain the immunological specificity of fluorescent 
staining obtained with conjugated anti-Anaplasma 
serum, the following control preparations were 
‘ mp aved 


a Anaplasma Plus Fluoreseein-Labeled Normal 


Gilobul teactio or this p ose, glo 

rum Globulin Reaction.—For this purpose, gl Fig. 1—Anaplasma marginale in blood film prepa 
in of normal serum was employed, Since horn ration stained with homologous fluorescein-labeled 
Mibeled globolin was no kpeetes with antiglobulin; x 900 


ted 

to 4 \ i nstra 

t f t ted 


bated as above for an additional hour Similar 


blood film preparations were first treated with un 


labeled normal bovine serum followed by 


labeled 
wus indicated if 


staining 


with antibody Specificity of the reaction 


Anaplasma in the latter stem 


demonstrated fluorescence: 


reactions 
Anaplasma 
blood films 


exposed to 


the fluorescence 
table 1 

whole 

were 


The results of 
are summarized 
fluoresced when 
infected 


labeled antibody 


bodies 
animals 
(fig. 1 
which occupied a marginal 
reference to the erythrocytes, appeared as 


from 
The anaplasmata, 
position W ith 


brilliant, yellow-green, sharply defined, 
the erythrocytes 


buck 


Anaplasmata did not 


round bodies. In contrast 


were clearly seen as grayish green 

structures 

fluoresce following exposure of 

blood films to labeled 
) 


(fig. 2 The use of washed infected eryth 


ground 
similar 
normal globulin 
rocytes was no more advantageous than the 
use of stained whole blood in these experi 
ments 

trial, blood films were 


In another pre 


Absence of fluorescence by A. marginale 


Fig. 2 

in a blood preparation from an infected animal 

when exposed to labeled normal bovine globulin; 
x 900 
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pared from whole blood samples containing 
approximately 20 per cent infected eryth 
rocytes as determined by the Giemsa’s stain 
ing method, Lysis of the 
accomplished tre 
distilled for 
preparations were 
labeled 


were 


erythrocytes was 
films with 
When the 


treated with homologous 


ating the 


water one minute 


antibody, anaplasmata 


the 


numerous 


demonstrated, exceeding above 
reading in number 
The specificity of fluorescence reac 
inhi 
bition tests as recommended by Coons and 
Kaplan.* Films of blood from in 
fected animals, unlabeled anti 
Anaplasma serum washed and treated 
with labeled antibody.  Inhi 
bition of the resulted (fig. 4 
Application of a modified test 
as deseribed by Goldman” 


Films of 


tion was investigated by setting up 
whok 
exposed to 
were 
homologous 
fliorescence 
inhibition 
was also studied 
Anaplasma parasitized 
were exposed for 30 


erythro 
cytes minutes to a 
mixture consisting of 1 drop each of labeled 
and unlabeled anti-Anaplasma serum, Con 
siderable inhibition of fluorescence was ob 
served Specificity of the 


reaction Was 


Fig 
infected 


3—Anaplasma marginale in a water-lysed, 


erythrocyte preparation stained with 


homologous fluorescein-labeled antiglobulin; x 900 


© 
: 
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DETECTION Ot 


exposing simuilat 
of labeled anti 
No inhibition o¢ 


ascertained by 
mixtures 


further 
preparations to 
body and normal serum 
curred in this system 
Finally, whole blood films prepared from 
a carrier animal, in which no Anaplasma 
were 
veral 


Giemsa’s stain, 
antibody se 


became 


was demonstrated by 
treated labeled 


bodies resembling 


with 
anaplasmata 
preparations fig. 


fluorescent in such 


DISCUSSION 


method 
which 


The of the 
deseribed is its apparent specificity, 


advantage staining 


reaction 
with the 


antigen-antibody 
Anaplasma 


is based on an 
Specific Staining ol 


actual 


labeled antibody identifies it as the 
agent responsible for the production of such 


antibody In fact. specificits of the reac 
tion now indicates that, in all probability 
the Anaplasma body, 


with reference to the erythrocyte 


marginally 
repre 


located 


the etiological agent of the infection 


other 


sents 


and is not a manifestation of infer 
tions ora degenerative product of the ervth 
interacellular Ana 


rocvte Existence of 


Fig. 4—Inhibition of fluorescent staining 

Anaplasma marginale by treatment of film pre 

pared from blood of an infected animal with un 

labeled immune serum, followed by staining with 
labeled antibody; x 900. 


ANAPLASMA 


MARGINAL 


bodies as 
carrier 
demon 


Fig. 5—Several Anaplasma marginale 
demonstrated in blood preparation of a 
animal in which anaplasmata were not 

strated by Giemsa’s stain; x 900 


addition to the classical 
indicated by the faet 
fluorescent units 


plasma units, in 


marginal bodies, ts 
that a 


were 


yreater number of 


shown when ervthrocevtes were lysed 


prior to staining This finding is in accord 


ance with electron micro copie studies of 


ealed the 


within 


presences 
the imfected 


addition to classical Giem 


Anaplasma Which re 


submicroscopi hocdies 


ervthroevte 
tamed marginal 


\naplasma. 


Studies on ananplasmata, in 
perpetuation in arthropod veet 
hampered b the lack 


etion of extre 


reliable 
ti 


ethod 


figest 


heen 
methods for dete 
form organism The 
tnmunological sper 
cellent tool in these 
irthermore, the 


More 


nt of 


antibod 


ane 

ON 
using 
the study of the 


a] oby 


pathoge nesis of Anapla Win 
kor th 


Orvatis iti 


‘ 


law 


Such study 


frozen sections of 
of infec 
are now in 


tion would be utilized 


propre 
nhibition-of fluor 


erences 


= 
elation 
ise. 
— 


by unlabeled immune serums offers the pos 
sibility of utilizing such phenomena to test 
unknown serums for the presence of specific 
antibody. In facet, evaluation of individual 
immune serums utilizing both the comple 
ment-fixation and inhibition-of-fluorescence 


reactions is feasible since antibody capable 


of blocking the fluorescence may prove sero 


different 
The main difficulties one may en 


logically 
antibody 


from complement-fixing 


counter in establishing techniques using 


pur 
poses would be in setting up the fluorescent 


fluorescent antibody for diagnostic 
and obtaining the 
labeled antibody 
ings in various laboratories 
tated by 


properly 


niformity of the read 
would bye 


antibod 


facih 
obtaining labeled from 


a reliable central source 


mt'MMARY 


A globulin fraction was separated from 
infected 
with Anaplasma marginale and conjugated 
Aleohol-fixed 
in the infected blood films became 
fluorescent when exposed to the conjugated 


serums Of calves experimentally 


to fluorescein organisms 


present 


SANDERS 


globulin Immunological specificity of the 


staining was ascertained by employment 


of suitable controls. The ability of an un 
labeled immune serum to block the fluores 
rs a 


serums for the 


means of 


presence of the 


cence reaction testing 
unknown 


antibody 
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Isolation and Identification of Strychnine and 
Other Alkaloids in Veterinary Toxicology 


DENNIS H. COX, Ph.D. 


Tifton, 


Or THE MORI sub 
stances in animal tissues, the alkaloids are 
probably the most difficult to 
identify. A standardized 
been developed at this laboratory 


identification of 


Common POISONOUS 


isolate and 
has 
the 
alkaloids, 
the 


tisstle or 


procedure 
for 
isolation and 
strychnine. It involves 
the 


stomach contents by acid or an acid-alcohol 


particularly 


extraction of alkaloid from 


mixture, preliminary testing on paper and 


spot-plates, paper chromatography, and 


ultraviolet examination 
The use 


toxicological 


of paper chromatography in the 
alkaloids is 
12,4 


examination of 


receiving increasing consideration 
Paper chromatography lends itself to the 
isolation of alkaloids in low concentration, 
as it not only separates them in relatively 
pure form from interfering substances, but 
also partially identifies the compound. The 
chromatography procedures which have 
been advocated thus far have been of the 
types At this 
which 


for a 


ascending or descending 
laboratory, 


paper chromatography 


an oceasion arose in 


was needed 
large-scale separation and isolation of an 
The circular 
chromatography apparatus, as deseribed 
by Giri,® This tech 
nique was later found to be satisfactory for 


unknown compound paper 


was found to be ideal 


the isolation and identification of strych 

Addi 
for the 
isolation and partial identification of alka 
local 


particular advantage of 


nine in cases of canine poisoning 


tional work showed it to be ideal 


loids from animals poisoned by toxic 
has the 


isolating a compound 


plants. It 


from a mixture in 


quantities large enough to perform addi 


tional tests for identification 


Positive 


Published 


series paper 


ussistance of Mr. J. ¢ 


nt of 


dges ti 


Departme Animal Diseases 


Georgia 


(A) 
for 


Schemati 

(B) 
paper wick, 

(G) 


diagram of equipment 
(C) 
paper, 


Fig. 1 
beaker 
(F) 


basin, 
(E) 
enclosure 


plate glass, 
(D) 


cover, 


support 
solvent, glass 


box 


gias 
which 


large 
beaker 


rhe 


basin 


plates are supported by a 
the 
serves as @ reservoir 


Whatman No, 1 
routinely used, although paper of larger or smaller 


glass 


I basin is a amall 
for the 


paper, 27 


solvent 
( em, in diameter, is 
satisfactorily. Buffering of the 


to be 


has been used 


paper was found unnecessary 
ultra 


teckman 


Spectrophotometric examination the 


violet range is made by means of a 


model DU instrument 


Acid Water 


with 


Reagents Hydroc hlorie 
Solvent 

1 part of 
saturated 


Potassium 


n-butanol is mixed 


ind the 


Five parts of 


concentrated Hel mixture is 


with water 


lodoplatinate One gram of platini 


dissolved in mil. of mixed 


until a total of 


water, 


iodide, 


ehloride is 
with 250 ml. of 4 
vdded 
lorff 


ubsmatrate O85 


potassium and 
reached 


bismutl 


water is 00 mil, is 


Drager Reagent 
(rm ver ml 


water and 10 mil 


ip cont 
lO nel 
Vethods of 
homogenized with 


The 


Krtraction 
(rm is 
100 mil. of 


aleohol mixt 


| 


G 
D E 
— 
| 
= 
if \ nity 
{py | tog ng 
Pitts, formerly of the ire in made acid t 


itmu paper with tart Tt 


half hour, and while 


centrifuged 
itant fluid is transferred to 
dish and the ileohol « 


bath, The 


Vapor 


queo f 
qu i 


erformes 


using 
repeated, 
ilsion forn 
portion 
eontrif 
Phe re 
ind centrifuged 
It hould b 
though the ilkaloid 


mentioned at 
COMMOT 
veterinagr toxicolog 
basic solution, a few ma bye 
id medium ith unknown alkaloid 
is recommended that the chloroform « 


performed a deseribed first from 
then from the basi olutio 


Appros 


content ine 


lution ina 


imatel 100) Gin of 


Stomach Content 
ed tomnuch 
mil. of 10 nel, The mixture i 


fluid ae ‘ o pi 
then 


homogenized with 
eeutri 
the ipernutant 
odium hydroxide The olution j 
d to a separator funnel nd the pro 
dicnted for tissue follo 

Blood A measured voli 

to pH 9<.0 with sodium h 
transferred to a separator funnel, and pro 
eribed for tissues is fol A The 
procedure for blood is the 


that the blood is 


eodure he 
sume as that for 
diluted 


cent 


urine, 


except with an equal 


olume of water, 10) pet trichloracetic aeid 
to effeet 
imal the ipernatant 


Preliminary 


protein precipitation, 
fluid 
Teats \ 


sample extract contains ilkaloid 


centrifuged, 
idjusted to pH 9.0 

preliminary test to «de 
fermine iff the 
with 
After 


drying, the spot ire sprayed with potassium iodo 


is made by potting a piece of filter pauper 


final acid solution 


known amounts of the 
platinate, 
dorff 


potassium permanganate, and Dragen 


reagents. The development of the character 


color is notived (potassium iodoplatinate 


blue to blue violet on a rose background potas 


permanganate t 
dorfl 


i ellow on 


color on viole 


Dragen 
on Verow, which 


white Phi 


fades gr 
of the eoneentration 
Another be made by 
drops of the 


common alkaloid-preeipitating — re 


gents Dragendorff, 
Wagner, 
the acid extract, mixing, and noticing the de 
ment of the 


with 


potassium odoplatinate, 


phosphomoly baie icid to 4 to lrops of 


velop 


precipitate. The result must be inter 


preted ecnution since other biological eom 


pounds, such as protein degradation produets, wil 


rive i vositive reaction 
K 


Chromatography kor unknown 


circle with a diameter of 2 to 3 em 


in the center of 
tandard solution 


mount ¢ 


fiention are 
in the eenter 
olume to be 


the other and 


The paper or 
plates and the 
hole 
benker 
it 
ates togethe 
The solvent i 
from the center 
paper, longer 
I'he miper is 
d the paper 
paper pack, the 
the others is n 
making a 


A fan 


process. The pa 


direeted 
veloper reagents 
to five papers, ome on el mi 
per paper, or one 

the other papers s or elutil the alkaloid 
In those instanees whe 
the center the 


paper an 


is spotted in 
pauper he be cut into 
with the 


Ihe position of the 
papers is marked, 
pieces, and the 


He 


such as color tests, 
violet pectrophoto 
t 


elua 


extr or the d In the 


wid ¢ from the 
contents, 


HeCessil 


peet re 


Dennis H. Cox 
ti hot The t} I'he 
off water termined | the init Addition 
Ljuste to pH 9. papers may | tt itiol 
itt per cent odium if ne the iper i deseribed that 17 
natant flu transfer to separat funne of the wt do 
| igoro haking for t Howeve t y tit | 
of et oforn Ihe men f i | } ted 
ng of el roform len pric t f 
r nd, fis by cer pplication j rie 
na then porated pected nd of lent 
( ed ! of A t t t potte 
of t | rger 
t that il potte y te mount 
ntered it to t ed fe 
| fron further testing 
1 fron I \ hole the / f nehed 
efore through the cent ft «} 
tractior be made cutting nt 
‘ paper ised. the ne on top of 
| } the glas 
ch t through the 
ed te tend into the 
the butanol-l ehloric iid 
} ‘ tighten tl 
| 
( ne to en 
number of | Inerenses 
! tl nt f nt marked 
ved to drt In the ense of a 
tion of ‘ paper tive to 
cetors and the it 
1 the ene fr t} ne 
na leu g forn 
mensured f nt of K ! pot 
ilso 
Srant at nt 
of 
mut t ined om 
I mia 
cl fort ther test 
} the 
kuloids, a tomuach 
nseribed to obtain itisfuet ng t 


ISOLATION 


TABLE 1- 


bsorbanes 


entration 


proced 
ilkaloid 
iven wo other 
renetions na 
ous procedures 


hooks 


rs AND Disc SS10N 


The procedure outlined above has proved 
The 
tion procedure for tissues, ete., Is not new 
the best 


satisfactory at this laboratory isola 


but is an attempt to incorporate 
features of techniques 
that 


accurate In 


existing 


method has speed and still remains 


this connection, 80 per cent 
recovery Of strychnine added to liver tis 


sues has been accomplished. It has been 


especially good in the isolation and identi 


dogs 


fication of 
(one 


strychnine 
carry 


polsoning in 


person can through a liver or 
stomach contents sample in approximately 
eight to 12 hours 

alkaloid 


test 


The minimum concentration of 
detectable the preliminary 
with the alkaloid 


paper 


Varies and with the re 
Generally to 20 wg. ot 
can be detected One alkaloid 

table 1 with 


iodoplatinate 


avent employe ad 
alkaloid 
cevadine 


does not react 


potassium and another 


monocrotaline) does not react with Drag 
endorff From the 
tivity, the preliminary paper 


place of the 


standpoint of sensi 
spot test 1s 
recommended in spot-plate 


test 


AND IDENTIFICATION OF TOX 


ALKALOIDS 


Paper Spot Tests, R; Values, and Ultraviolet Data for Some Alkaloids 


Stock alkaloids strych 


hy OSC 


solutions of the 


cevadine 


brucine, and monocrotaline were chromato 


grammed by the above procedure. It may 
table 1) that identification 
alkaloid solely from its R, 
reliable and that 
should be mad (‘hroma 
therefore, used primarily as a 
method of 
compound in relatively large quantities for 


be readily seen 
of the 
would not be 


value 
Some Con 
firmatory tests 
tography Is 
rapid 


and easy purifving «a 


further testing. It is possible, however, in 


such cases as strychnine poisoning, to run 
with the 


resulting Ry to identify 


a known alkaloid suspected solu 
tion and to use the 


the compound 
S!t'MMARY 


A relatively simple and rapid procedure 
for isolating alkaloids from animal tissue 


and identifying them is described. Paper 


chromatography Spot-Tests and observa 


tion of absorbance in the ultraviolet rai 


are utilized 
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The in Vitro Cultivation of Tissues of 
Domestic and Laboratory Animals 


S. H. MADIN, D.V.M.; P. C. ANDRIESE, B.S.; and NORMAN B. DARBY 


Berkeley, 


IN RECI 
culture 


NT YEARS the development of tissue 


techniques suitable for use in 


microbiology, in general, and virology, in 


particular, have contributed significantly 


to our understanding of disease 


processes 


The application of such systems for virus 


cultivation, diagnosis, and basie research 


to veterinary medicine is of considerable 


interest, provided the tissues of animals 


suitable for growth of the virus under in 
can be cultivated 
little doubt that 


infectious disease entities which plague all 


vestigation There ap 


prcars to be many of the 


branches of veterinary medicine are viral 


in origin, and knowledge regarding the 


etiological roles of these agents in infee 


domestic mammals is in 
lack of knowledge Is, Ith 
due to the lack of 
priate methods with which to isolate 
tify, study 
whose 


tious diseases of 
ah 
rhis 


adequate 


large appro 


and material from diseases 


Clinical syndrome, pathology, and 


epidemiology suggest 


viral etiology 


Phe suecess achieved by Enders ef al.” in demon 
trating that the poliomyelitis virus could be grown 
in human embryo cells, and that this growth was 
companied by changes’’ in 


hands of the 


‘evytopathogent 


those cells, placed a new tool in the 


Virologist, with which to isolate, cultivate, and 


subsequently identify man viral agents Dul 


heeco introduced a new technique the plaqu 


imsay system, for quantitation in animal virology 
The authors’ interest was thus directed toward th 


utilization of these newer aspects of tissue culture 


in veterinary medicine for isolation, identification 
ind mass production of virus, as well as for quan 
titative aseay 


The literature contains few references to the 
in vitro eultivation of the 


adult 


tissues of domestic ani 


mals, particularly animals, and especially 


those produced as monolayer cultures as deseribed 


for the monkey kidney by Dulbeeco and Vogt * 


and Youngner.” Plasma clot cultures of eanine 
Muller and Thordal- Christen 
Fieldsteel and 


hepatitis 


tissue were used by 


sen and by Emery, for infeetious 


canine virus The latter authors also 


employed monolayer cultures of dog kidney 


From the Naval Biological Laborator 
Berkeley 


supported by the 


versity of California 
This 


Research 


Office of Naval 
Opinions contained in this report are not to 


work was 


be construed aa reflecting the views of the Naval Service 
(Art. 1252, U. 8S. Nav. Reg., 1948) 


California 


asso ef al” report propagation 
sume Virus eanine kid 
uc MeC lain elot cul 
embrve ‘ wate i for the cultiva 


M idin and 


reported th Is eould be 


of swine 
ion of Vesicular exanthen ru ind 
Traum propa 


gated on monolayer \ and testiel 
MeClais in deseribed the 
growth curves for vesicula mati virus in a 
iver ‘ some derived from 


Bachracl 


stoma 


iriet of monol 
the tissues of domestic ils ind 


reported on ti 


virus in mone 
kidney 
the ruses oot and- mouth 


Sellers 


disease and vesicula 


kidne eseribed the 


monolas 
beef and swine prepa 
ration of monolayer tle ind suggested 
definite host restrictions 


beef 


its use for 
Madin et al use inolaver eultures of 


kidney for the iso ion of the rus of 


VITuses 


infectious 


bovine rhinotracheitis istafson and Pomerat 


have studied the ecytopathogenic changes which 


be present in spleen and endothelial explants 


from swine infected with hog cholera virus 
The literature 


ture in human medicine 


concerning the use of tissue cul 


rapidly expanding and 
unfamiliar with this field should econ 
bende rs ind 


Weller ind Syver 


the reader 


sult the Morgan 


reviews by 


ind also the recent papers | 


ton on tissue culture 
The paper is a four 


years of work on the cultivation, in mono 


ions 
present report on 
layers, of tissues of domestic and labora 
method,’’ in 
veterinary 


tory animals by a ‘‘standard 
order that 
virus problems would be potentially avail 
able 


isolation 


tissues suitable to 


The system to be described permits 
viral 


and 


and cultivation of 


aids in 


many 


agents, their identification, 


makes possible some degree of quantitation 


MATERIALS 
Phree 
been used in this 
The last 
proved the 


Preparation methods of 
/ 


giussware preparation ha 


laboratory over a four-year period 


method is currently in use ind has 
most satisfactory 

1) Detergent 7x* was used in a concentration 
of 1 per cent in distilled water The glassware was 
boiled for one hour in this solution, scrubbed, and 
then distilled 


water, followed by water 


reboiled for an additional hour in 


three rinses in distilled 


* Detergent 7X was obtained Limbro Chem 


ical Co., New Haven, Conn 
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and three rinses in deionized water This pro 


difficulty 


inconsistent 


cedure was used for ten months until 
Was experienced, as indicated by the 
growth of tissues 
4 Sodium laural sulfate in a concentration of 
per cent in distilled 
the 7x The 


tion at 150 #. for one hour, serubbed in fresh warm 


water was used in place 


glassware was soaked in this solu 


lvural sulfate solution, rinsed in hot tap water, 


boiled in water, rinsed in running tap 


water, followed three rinses in distilled wate 


ind three rinses in deionized water. For approxi 


months, the glassware 


imtely nine 


Appear 1 to 
be satisfactor Then erratic tissue growth again 
indicated 


in the 


that some toxie materials were present 


glassware, either as a result of accumula 


tion of detergent, or failure to remove the toxic 


elements 
O.1% 


glassware washing solution 


Sodium carbonate in distilled 


water is the current 
It has proved satisfactory for the past two years, 
growth and visual 


is measured by consistent tissuc 


cleanliness of the glassware 


All glassware is disearded waiter im 


after use It 


into tap 


mediately must be completely sub 


merged, because if air bubbles are entrapped, rings 


of proteinaceous material, which are extremely 


trouble in subse 
inside of the 


difficult to remove and can cause 


quent cultures, may be left on the 
viassware 

Glassware is soaked for one hour at 150 FP. in 
solution, then serubbed and 
Kach 
times in two 
The last 


parts per 


the sodium carbonates 


rinsed in flowing tap water. piece is then 


filled and 


trays of 


drained several separate 
distilled 


than 


water, rinse always 


contains less million of ioni« 


impurities, as measured by a conductivity meter" 


which reads parts per million direetly 


oils, of 


fats, 


Glassware containing petroleum base 


which is grossly contaminated with animal 


should be 


much as this 


segregated and washed separately, inas 


concentration of may not 


adequately remove these substances 


Pipettes are cleansed in concentrated sulfuric 


rinsed in tap water in a syphon 
three 
flasks, bottles, and 
foil, and all 
Pipettes, 


acid, thoroughly 


rinser, followed by rinses in distilled water 
All beakers, 


with 


graduates are 
tubes 


Petri 


heavy aluminum 


cupype d 


are covered with aluminum tops 


dishes, and syringes are packaged in stainless steel 
eans or glass containers, Cotton products are not 
they 


All glassware 


used, since may contain harmful volatile 


is dry air sterilized 
Rubber New 


pers are boiled for one hour in 0.1 per cent sodium 


oils. 


Preparation of Stoppers stop 


carbonate and rinsed in three changes of distilled 


Used 


only to he 


water. stoppers are disearded in tap water 
distilled 


drained, repackaged and autoclaved, to be 


and need boiled in water, 
ready 
for use again, 

Both the 


stoppers are satisfactory 


black and 
for tubes and bottles 


conventional white latex 


* Conductivity meter of Crystalab Corp., Crystal Lake 


IN Virro CULTIVATION OF TISSUES 


Fig. 1—Cultivable tubule suspension. x 67 


Serums 


Whole 
killed 


blood, from a pool of 10 to 20 


freshly animals, is obtained from a loeal 


slaughterhouse and the serum harvested. VPenicil 


lin and streptomycin (0.5 mg./m 


are added, and the serum is sterilized by filtration 


through a 2 liter Hereules? filter using a 140 mm 


Fig. 2—Noncultivable tubule suspension. x 67. 
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“at 


under pos 


stored ordina deep freez 
temperature 

Phosphate 
pu 7 
Vogt,’ is used routine 


Buffer Solution Buffer of 


prepared by the formula Dulbeceo and 
All ( should b 
engent grade 


Solution 


i ‘ lo 
Ow 4 


Deionized 4 


Solution 

eacl Gim 

Deionized water ml 
Solution tt 

OW Gn 


Deionized water 100.00 ml 


olutions should be 
ind the fluid loss 


replaced by adding sterile deionized water 


sutoclaved separate 
should be 
When 


cool, solutions t and tt are eombined, followed by 


from evaporation 


the addition of solution w 

Trypsin Solution The tr olution is pre 
pared from 1: 250 bacto-trypsin in a final concen 
tration of O.2o per cent by weight, using Ph us 


i diluent Antibioties penicillin, 500 and 


treptomycin, 0.5 mg./ml.), plus O.00125 per cent 


of phenol red, are added prior to filtration Phe 


trypsin solution may be stored indefinitely at ordi 


nary refrigerator temperature For use is 


warmed to 37 ¢., and maintained at this tem 


perature during the extraction process 
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Fig. 3—Adult swine kid 


ney. x 210, phase contrast. 


wnt Mediun 

ind found mo Solution 
of Morgan, Me ) ‘arker, as com 

mereialls lactalbumin 


prepared, 
La Melnick ‘ edium contain 
ing La Tris w rte ) per een erum, The for 


mula for the 
ution 
Vhenol red 
deionizes 
Iris buffs 


Deionized 


(rm 

Gam 

SO) Crim 

10 Crm 

(monol ‘ Cam 
Dextrose 

Phenol red 


dissolved 


(0) Cam 
lO my (0) Gem 
in On 


Deionized water 


Lactalbumin en 


hydrolysate 


Deionized water 


lactalbumin is f wate! ind 


iutoclaved at If ) re ( ‘ min 
\ slight 


precipitate which 


Poe. 
* a a 
“4 
| 
MI olution lo bring it te 
pi ¢.4 ipproximat " f 1.0 is 
Solution U Mod olution 
| 
1-190 solution i by Dif storie 
filter m if Filter Patersor Lactalbumin hyd it tained tritiona 
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Fig. 4—Adult rabbit kid- 
ney. x 100, phase contrast. 


result of autoclaving, should be disre garded Solu 


tions 1, HU, and wt are combined in order, the 


volume made up to 2,000 ml. with deionized 


water, and sterilized by filtration. In practice, it 
has been found that both these 


temperatures 


mediums store well 
Both the 
forti 


fied with 6 to 10 per cent serum prior to use. In 


at ordinary refrigerator 


M199 solution and the La Tris medium are 


this laboratory lamb serum is preferred, since it 


ix readily available from young animals, and has 


excellent growth promoting properties for man 
cells 
tntibiotics 


Penicillin Cerystalline G, 500 units 


ml and streptomycin sulfate (0.5 mg./ml.) are 
added to each batch of medium prior to filtration 
If the than 
days, fresh penicillin is added. To aid in the con 
trol of Mycostatin**) is added 


This drug 


mediums are stored for more seven 


molds, nystatin 
in a concentration of 50 w per milliliter, 
water, but can first | 


is relatively insoluble in 


put into solution in ethylene glycol O,000 units 
then added to the 


final coneentration of Of w per milliliter 


mil.), and mediums to give a 


Procurement of Tissues 


ducing animals are obtained from a 


Pissues of 


food pro 


ocul slhaugh 


laboratory animals are from our 


Other 


house tissues of 


own stock obtained from an 


ivailable 


tissues are 


source, one of the most satisfactory be 
ing biopsy 
soth idult and 


Adult tissues 


Specimens 


embryonic tissues are used 


from food producing 


ive 


obtained from young animals when possible tis 


Squibb and 


Pisst' ES 


older ‘ esistant 


to trypsin digestion, The following oups 


used as tissue donors “wine from 34 » & months 
old, lamb 


to 16 


to © months old, cattle 


idult 


from 6 from 


months old, and horses of unknown 
ige (probably 4 years o: 


the laborator 


ounger The ages of 


inimals usuall range from 


ling to young (mice ’ weeks old, guinen 


pigs and hamsters up old, and rabbits 
to 6 months old mee the ive groups are 


obtained Phis doe not that 


other age groups are unsatisfactory, as more ma 


ture animals have been used 


Adult 


organs, 


tissues are usually obtained as whol 


with no particular care exercised, exeept 


to observe a normal degree Cleanliness, Organ 


such as kidneys, testix les, or ovaries are removed 


with the capsule intac with organs such as lunge 


and livers, suitable portions ne excised ind 


laborators 


brought to the 


Kmbryonie tissues are obtained in the laborator 


by removing the whole embryo from the intaet 


uterus, usually from animals in the last trimester 


of pregnancy The desired organs or tissues are 
removed from the 


and b 


fetuses using sterile instrument 


ordinar ropes procedures It ha been 


our experience that rapid, skillful removal of the 


organs or tissues is more important to subsequent 


sterility and growth of the cells than is the use of 


sterile enclosures or complicated techniques ‘* pur 


portedly designed to insure sterility 


mingle 


Preparation of Cell Group \ 
method has 


been used in this laborator 


represents a modification of the procedure 


scribed by Dulbecco and Vogt* and Youngnes 


The technique as used for adult swine kidme fa) 


O35 
7 
rs 
a “ 
i 
‘ 
| 
basic 


Fig. 5—Adult cat (fe- 
line) kidney. x 210, 
phase contrast. 


begins to liberate tubules (approx, 30) minutes 
his stage can be determined by occasional low 


of the super 


lows in detail, and such modifications 


quired for individual tissues are indicated 
the aid of steril power microscopic examination 


The capsule is removed with 
forceps and seissors. A portion of the eortex is natant fluid. The appearance of cultivable and 
excised (10 to 25 Gm and mineed into pieces (3 noncultivable tubules is shown fig. 1 and 2 
to 5 mm with scalpel blades, To | part of tissue The supernatant fluid is disearded and fresh tryp 
by weight (in an Erlenmeyer flask } parts of sin is added to the tissue. This mixture is then 
pre stirred by a magnetic stirrer for 


supernatant fluid is deeanted 


trypsin solution by volume is added or approximately 
extraction, the kidney trypsin mixture is ten minutes, The 


liminary 
centrifuged for two minutes at 600° r.p.m, 


agitated with a magnetic stirrer until the kidney and 


Fig. 6—Adult lamb kid 
ney. x 210, phase contrast 
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4 ne tty 
| 
» 


AM. J. VET. Res In Virro CULTIVATION OF TISSUES 
OCTOBER 1957 


Fig. 7—Adult swine lung. 
x 100, phase contrast. 


of storage fluid in a 50-ml 
When sufficient 


packed tubules resus to the original volume 


6 in radius), and the 
pended in 10 volumes of storage fluid at room graduated conical centrifuge tube 
tubules have been collected, they are reeentrifuged 


temperature These processing cycles are con 
at 600° The supernatant 


for two minutes 
fluid is discarded and the tubules resuspended in 
id The tubule ire then 


tinued until the desired volume of tubules is ob 
tained, or until the tissue is exhausted Phe 
4 volumes of storage flu 


tubules harvested from each extraction are added 
dispersed evenly throughout the fluid by genth 


\ mixing with a pipette. The mixture is centrifuged 
Nutrient mediums with or without serum and 
“a deseribed above the volume of packed tissue 


Duibecco buffer have been used individually as orage 
fluid at various times, All seem to be satisfactor is measured, the supernatant fluid is disearded 


Fig. 8—Swine embryonic 
kidney. x 210, phase con- 
trast. 
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ind the cells dispersed in’ 4) volume f nutrient 
uid 

The dispersed cells are transferred to a large 
volume of 


Krlenmeyer flask which contains the 

nutrient fluid necessary to complete al 
tion, The cells are then dispensed into tubes, using 
bottles of 


pouring direetly 


a Cornwall syringe; or into 


sizes, either using a pipette or 


During the dispensing procedure, the flask con 


tuining the cells is repentediy agitated to mini 


ANDRIESI 


Various 


im. J.Ver. Kes 
OCTOBER 1957 


DARBY 


Fig. 9—Swine embryonic 
lung. x 100, phase con- 


trast. 


mize settling or clumping. One milliliter of tubule 
suspension is used for a standard eulture tube 150 
by 15 mm.), 10 ml, for i milk dilution bottle, 


6 mil. fo i small Petri 


$0 ml. for a Blake bottle, 


plate (60 mm.), and 12 to 15 ml. for the large 


Petri plate 100 mm 


Incubation is carried out without motion at 


of Sottles ; laid flat in trays, while tubes 


are inelined slight angle Petri plates are 


maintained f ing atmosphere of air and Co 


Fig. 10—Amnion, swine 
Note multinucleated 
cell, Giemsa’s stain. x 210 


cells 


We 
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Fig. 11—Amnion, swine 
cells. Note multinucleated 
cell. x 210, phase contrast 


ipprox, 4% ), adjusted to maintain a 7 for digestion These large pieces’ prevent acei 


in the medium covering the cells dental decanting of the floating tissue fragment 


Cultures are left undisturbed for 1S hours ifter i vel ; For skin, the epithelial 


ifter which time they are usually ‘‘stuck’’ to the ivers oved from embryoni skin 1 


glass and beginning to multiply. They may now manually p yw this laver from the underlying 


be examined macroscopically for changes pu ayers Y requires extensive wish 


and microscopically, under low power OOo x ng of the mucosa to remove the mucus which is 


for evidence of cell growth The old nutrient ually present hie mueg in then be rm 


medium is always replaced after 48 to > hours moved by careful stripping 
ind again as needed in about six to vn rhe remaining tissues cult 
Usually, the HW oof an individual eultu will indi presented no pa 

cate the necessity of a fluid change, since a marked solved within 

shift to the acid side brings about a yellow eolor 

in the fluid, indieating that fresh fluid is desirable Np Diuset ION 
When adequate growth h occurred 
days), the cultures are re for use The results of attempts to cultivate 


a 
Embryonic tissues are prepared by the 


large variety of both adult and embryoni 


method In practice, mineed embryonic tis 


cells i monolayer culture 
are shown (table 1 and selectively ilbus 
"S trated (fig. 3-10). The number and variety 


ean be left in contact with the trypsin solution 


overnight at room temperature, thus faecilitat 


tubes of a given culture can be prepared in tic and laboratory animals indicate that 


four hour period by two experienced operators the deseribed methods are satisfactory 


Certain tissues have been found to require minor and that success can be anticipated if the 


deviations from the general techniques deseribed are prope rly carried out 


kor purposes of 
These inelud l For bladder, the mucos 


i must this study growth” «ce 
be washed extensively with Pi to remove 


tr 


nates mot only 


ill the facet that the tissues grow in a mono 


ies of urine Small portions of the epithe laver on the glass. but that sufficient vrowth 


from the submucous is produced for virus inoculation or for 
natant fluid from the extractions is centrifuged acteristics of the cells. As indicated table 
it 1,000 r.p.m., instead of 600 r.p.m Lung 1), tissues occasionally fail to grow. In cer 


issue is obtained from the margin of the lung to tain instances, this failure may be aseribed 
minimize the amount f irge bronchiole tissue to technical difficulties mn others how 
ind is then eut into 4 


not expel 


ANS 
| 
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ence has shown that, despite the currently 
available methods, a small percentage of 
tissues from individual animals do 
grow, and that such failures 
expected from time to time 
The cell types which propagate from the 
various tissues are of interest. In most in 
this method of cultivation gives 
rise to mixed cell populations, usually com 
posed of epithelial or parenchymal cells, 
typical of the particular organ, and fibro 
blasts Kidney cultures yielded predomi 
nantly tubular epithelium and fibroblasts 
(fig. 3). Testicle cultures yielded a mixture 
of Sertoli cells and fibroblasts. Bladder cul 
tures consist of pure transitional epithe 
lium, while cultures of skin and cervix 
appear to be statified squamous epithelium 
The lung cultures are composed of fibro- 
blasts plus cells derived from the alveolar 
walls (fig. 7) 


not 
are to be 


stances, 


Liver cultures produce pure 
liver parenchyma cells. Amnion cell cul 
tures are characterized by the presence of 
large multinucleated cells (fig. 10 
tion to the mononuclear elements 

Kmbryo cells that 


the differentiation 


cultures yielded 
varied in proportion to 


TABLE 1 
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of the various organ systems cultured. In 
cultures derived from very young embryos, 
difficult to identify the 
Cultures the dif- 
ferentiated organs, such as lung, liver, and 


it was extremely 


individual cells. from 
kidney, of older embryos, give rise to cells 
similar in appearance to those derived from 
similar adult organs 

Even though many of the organs produce 
characteristic cells, readily recognizable in 
young, actively growing cultures, the abil 
ity to define the cell types precisely is de 
pendent upon variables as 
age, and nutrition. Young, actively grow 
ing cultures usually exhibited the cellular 
detail and over-all 
of a particular organ 
assumed the fibroblasts 
either as a result of overgrowth by 


such culture, 


pattern characteristic 
Older 


appearance ol 


cultures often 


existing 
form of 
metaplasia to cells resembling fibroblasts 
Under nutritional 
ently adverse, the cells may swell 


fibroblasts. or as a result of a 


some influences 


appar 
become 
granular and distorted in shape, and even 
develop vacuoles in their cystoplasm. Such 


cells will often return to their normal 


Results of the Attempted in Vitro Cultivation of a Variety of Adult and 


Embryonic Mammalian Tissues in Monolayers 


Tissue 


Kidney 
Teaticl 
Cer 
Kidne 
Kidne 
Tongue 
Sarcoid 
Cat Kidney 
Kidne 
Kidne 
Ilamater K 


Guinea pig 
Guinea pig uckling 

terus 
Kidne 
Kidne 
Liver 
Testicle 
Brain 
Kidne 
Spleen 
Mammar 
Kidne 
rain ( 


Kidne 


Hamater, suckling 


Monkey 


Moune 
Moune 


tumor 


suckling 


whole 
Rabbit 
Rabbit 


Swine 


Sarcoma 
Testich 


Adenocarcinoma 


Adult 
growth /attempts growth/attempts 


Embryoni 


l 


| 
11 
neoplaasn 4 
14/14 
2/4 
6/7 
1/1 
1/1 
15 
Bladder 
Cornea 
Iris 
Kidne 118 
Liver 1/2 
Lun 6 
Ovar 1/1 
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appearance as a result of a change in en “Enders, J. F., Weller, T. H., and 
Cultivation of Lansing Strain of Polix 

vironment Cultures of Various Human Embryoni: 
The life span of the various cultures has 199, (1949): 85-87 
not been investigated in detail, but experi 
ence has indicated that the majority of 


cells, if properly cared for, will continue 


Fieldstee! and Emer 


to grow vigorously for at least three to cng coe 
four months. Adult swine kidney has been ' \olera, Am. J 
preserved in exeellent condition for as 

’ and Morgan 


long as 15 months, and there is no reason — of An in Vitro 
to believe that this time period could not be 


and Traum 


extended. In this laboratory, the majority 
of the cultures have been used for virus . York, ( 


Infectious 


production or assay within the first two 
weeks of their existence 
Mi Antige 


SUMMARY 


The method described provides for the 14 
in vitro cultivation of a large number of ' Madin 
tissues, from a variety of mammalian hosts ation and 
which are suitable for the isolation, growth 


and assay of many viral agents 
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Clostridium Botulinum Type C. |. Studies on Laboratory 
Variables Affecting Toxin Production and 
Toxoid Evaluation 


GEORGE S. APPLETON, M.S., and PHILIP G. WHITE, Ph.D. 


Vadison, 


IN RECENT YHRARS, workers In several coun 
tries have reported on the preparation of 


toxoid for 
10, 16 


Clostridium botulinum type ¢ 

immunization of cattle and mink 
The problems of types © and p intoxication 
in cattle and sheep are confined primarily 
to South Africa Australia. In South 


carrion 


Africa, the disease is known as 


lamziekte 
Dinter and Kull” reported food poisoning on 11 
1949 and 


toxin as type © on 


disease or 


mink ranches in Sweden during 1V50 


ind were able to identify the 
three of the While they were 


farms unable to 


positively dinagnome botulism on the remaining 


ranches, the disease was presumptively diagnosed 
is such, and several cogent reasons were given for 
identification The mor 
Kull and 


determined that botulism was the cause 


not making a 
tulity 
Moberg 
of 13 of the 22 cases of 


positive 
ranged from 2 to 100 per cent 
food poisoning in mint 
which they studied, and that type © toxin was r 
sponsible in 12 of the 13. Mortality 
1.6 to 100 per cent, Quortrup and Gorham 


demonstrated the 


ranged from 
earliet 


high relative susceptibility of 
botulinum toxin 

Wentzel 
preparation of C1 
dials 


Polson and 


mink to type ¢ 


Sterne and deseribed the large 


botulinum types © and 


olds using the system previously 


seribed by Sterne,’ Gladstone, 


others sell ef al.” described the production of 


trivalent toxoid composed of equal parts of eulture 


of types A, B, and ©. They showed that mink could 


be immunized against more than 100,000 mouse 


lethal doses of type © toxin by using a l-ml 


of the toxoid. They did not challenge with 


ind # toxin 
Larsen et al 


mink with type © dialysate toxoid 


re ported the successful immuniza 


tion of iyainst 


10,000) mouse 


it challenge dose of 
lethal doses Appel et al,’ described the 


tion of 643 mink with two type ¢ 


approximately 
immunize 
toxoid prepara 
tions, one of which was an alumina gel adsorbate 


while the other was ‘‘ preeipitated’’ with potassium 
showed ood rrotection 


toxoid 


tluminum sulfate, and 


with the alumina gel adsorbate mint 


were protected against a challenge of 10 mouse 


lethal doses of type © toxin, The results with the 


ilum precipitated toxoid) were poor presumabl 


beentise of a previous inrecognized low titer 


the purent toxin 


There is little informat 
num type © in 

ports from the fis 
ibroad, have inerin 
mink ranches It w 
mh ion was needed 
toxoids prior te i 


field condition 


MATERIAI 


hight stra 
1, isolated in 1920 f 
from Dr. K, F. Meyer 


Strains I and 


Straus 


fornia 
serkeley 
162 were sent by Dr National 
Microbiological Institute 

tory, Hamilton, Mont was origi 
nally isolated from a duck liv i is reportedly 
H060-a, and 


ind South 


of high toxigenicits Stra 
were itoxigenw 
Africa $A were rece from ! Austin KF 
Lares Rocky Mountain Breeders’ 
tion, It Lake City, Uta ind 
Dr. Mundell, Jen 
Kansas City, Mo 

After 


fication of tyypu 


Associa 
strain 468 from 
I oratories 
initial identific ocedures and veri 
th type eifiec antiserum 
in healt! white mice, three 


toxin neutralization 


toxigenic strains ( K-22 i vd one 
atoxigenic strain 


ther study 
Mediums Atte 


were determined to growtl 
ind toxin produet on te 
is \ medium, wa i r ‘ the medium de 
Sterne and ind contained 
ilkalinized 
equivalent to per 0 
nw (0.1% final pH On The 
second, hereafter caller lium, was deseribed 


by Cardella et al... and 


seribed by 
filtrate of 


hid 


Staley 


enzymatic | 


extract 


/ at 
were conducted in 
from the same 
strain and sex (mal 
l to » tom All 
phosphate buffs 
relatin With 


t} of re 
n count nd 
tant 4 d ind 
SY 
lied Straiy 
t f n Tt 
east dextr pu «.t 
titration 
ite It Mad \ 
4 


BoruLinium Tyee 9453 


were used. The Ld.o end points were caleulated | was determined both with and without the 
the method of Reed and Muench dialyzing membrane assembly. The Ld 

of dialysate and nondialysate toxins pro 
AND duced in each medium ts shown (table 


Preliminary Toroid Evaluations Tox 


oils were prepared from 5- to 10-day cul TABLE 2—Titers of Dialysate and Nondialysate 
tures by adding 0.5 per cent formalin and Toxins in Mice 
reincubating at 37 C. for eight to 12 days 


Both toxigenic strain sa and atoxigenic 
strain 6060-4 were used as seed inoculums 
A toxoid was prepared from the latter 
since Boroff reported the production of 
high-titer antiserums in rabbits after im 
munization with an atoxigenic strain of 


hotulinum type The toxoids wert 
The immunogenicity of toxoids prepared 

adsorbed in a manner similar to that «de , 
from each of the four toxins was then 
seribed by Rice al and were subse 
evaluated in mice, The toxoids were pre 
quently diluted in physiological saline 
pared as previously deseribed, Where one 
~olution were mit mitre 
close ot toxoid Was used the mice were 
toneally with O.5-ml doses of toxoid 
viven mil. intraperitoneally ; where two 
Where two doses were used. the second 


followed the first by three days. At 14 days 
after the first dose, all mice were challenged 


doses were given, a second similar dose 
followed the first by three davs. The re 


sults of intraperitoneal challenge at 14 
approximately davs after the first dose are shown (table 
of cell-free toxin contained in 0.1 ml 
of saline solution (table 1 - 
abl cates that the toxoid re 
i i Vi Vstel Stitt 
from the atoxigenic strain 6060-4 did not Parent 
protect 1 th lated the best immunity response in mies 
. loxin yields from this system have been 
toxoid prepared from the sa strain stimu atly high ' 
| SIS iy i yt yt 
lated a more effective immunity than did msistently higher than the rom other 
» single dose methods studied. Observations during sey 


Comparison of Toxrin-Production Meth eral phases of this study indicated that 
ods.-The_ efficacy of the mediums de toxin produced in the sw medium, and 


scribed above in supporting growth and particularly in nondialysate cultures, wa 


toxin production of Cl. botulinum type ¢ less stable than that produced in the ep 


TABLE 1—Challenge of Mice Immunized with Initial Preparations of Adsorbed Clostridium 
Botulinum Type C Toxoid 
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This may account, in 
part, for the poor immunogenicity of the 
toxoids prepared from toxin produced in 
the sw medium 

Variables The of 
route, dosage volume, and interval between 
immunization on the im 
studied as 


dialysate cultures. 


influence injection 
and 
mice 
variables in routine laboratory immuniza 
tion toxoid 
used in this study. The challenge results 
are shown (tables 4 and 5) 

There appeared to be little difference in 
effectiveness intraperitoneal and 
subcutaneous routes of immunization. The 
difference one 


challenge 


munity response were 


schedules Was 


between 


in results obtained with as 


compared with two immunizing doses was 
not considered significant 


The threshold 
of effective immunity in mice appeared to 
be 0.5 ml. whether the toxoid was adminis 
tered in two this 
volume, with the toxoid preparations used 


one or doses Below 


immunity began to drop off rapidly 


DISCUSSION 


Othe 


Strains 


Of the 
ty pe ¢ 


Observations several 
of Cl studied, 
three were determined to be toxigenic 
for the white mouse. Strains 6060-4, 6060-n, 
reportedly 
appeared to be so. Strains 


hotulinum 
only 
and were and 
V6 
proved to 
Strains SA 


aloxigenic 

6605 

but 
stuclies 


and 
were supposedly toxigenic 


be otherwise in these 


TABLE 3 


challenged 


after 


intraperitoneall 
before 


All mice were 
All mice died 


days indicated that the 


vaccination time 


organisms were 


quent occasions, similar preparations were 


probably because of the higher proportion of 


greater binding of the formalin 


Immunity Stimulated in Mice by Dialysate and Nondialysate 


of 
killed but that 
not detoxified 


extraneous proteimaceco 


AND G. WHITE 
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x-220p-1, and 468 proved to be highly 
genic. The titers were consistently between 
10°" and 10°° L.d.so per milliliter in white 
The toxin produced in the mediums 
x-220B-1 168 ap 
peared to be more unstable than that pro 
duced by strain sa. Lyophilized whole cul 
of the three have 
been routinely used in this laboratory for 
seed and for standard cultures 


mice 


studied with strains and 


tures toxigenic strains 


Lamanna et al.” concluded that the lethal 
ity of botulinum toxins (types A, B, and ©) 
bears neither a simple nor propor- 
tional relationship to the body weight of 
white ’* Male mice weighing 6 
to 10 Gm, are killed rapidly than 
females of the same or heavier mice 
of either Lamanna, but 
since the rapidity of not the im 
portant immunization 
studies, the significance as applied to im 
lost 


mice, 
more 
weight 
according to 


death 


most 


Is 
eriterion in 
munization 
Several 


Is 

for 
production 

sterne 


mediums investigated 


growth 


were 
toxin 
ol 


mnconsistent 


optimum and 
The corn 
Wentzel 
and resulted in a toxin of less stability than 
that Sterne 
and 
the 
duetion, 


steep medium and 


pave toxin ields 
produced in the PD medium 
Wentzel '® indicated that 
growth inhibited 


suggested 


glucose in 
medium 
boroff 
presence of 0.2 per 
heart infusion (Diteco 


toxin pro 
that the 
the beef 
used in his medium 


and 


nt glucose in 


Toxoids 


(Challenge Dead 


hallenge S 


toxin was not detoxifiec t eviou nd sul 


14 days 


the 
in ormaiin 


sulted in 


Toxoid Pota 
fulture " j d 
tin ate 
ndia 
i 
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TABLE 4—The Infiuence of Route of 


Immunization and 


Interval Before Challenge on 


Immunity Response in Mice 


Challenge dose 
14 days d 


each 0.5 mi.) 


intraperitoneally 


atoxi 
there 
inhibits 


may have favored the formation of 
In these 
that 


toxin formation, and Cardella et al sug 


variants studies, 


genic 
were no indications glucose 
vest that the addition of glucose may, in 


fact, be beneficial. 


Toxoids prepared from nondialysate sys 
on the whole, unsatisfactory 


tems were 
Low-titer toxins of greater lability were 
in general, obtained from the nondialysate 
systems. The immunizing ability of botuli 
num toxoid, as might be expected, appears 
to be eritically dependent upon the presence 
of high-titer stable toxin in the 
Several studies i 
that 


cultures, 


parent 
this laborator, 
from 


culture 
prepared 
properly ad 


have shown toxoids 


FD-dialysate when 
will consistently protect 


than 40,000 Ld What this 


terms of immunity engen 


sorbed 
against more 
represents in 
dered in mink will be reported in a subs 
paper correlating the immunity re 
mice and mink to (1 


toxoids 


quent 
Sponse ot hotulinum 
type ¢ 
studies 


It was observed early in these 


that the type c toxin 
handled improperly 


unstable when 


et 


Was 


Rice reported 


that after filtration through pulp 


and Mandler cultures. type A cultures suf 


paper 


fered a loss of toxicity for mice and guinea 
pigs of from 50 to 75 per cent. We hav 
observed a drop in toxicity for mice, with 
type c cultures, of approximately 60° pet 


TABLE 5—The Influence of Dosage Volume on 


Immunity Response in Mice 


dome Challenge Dead/ino 


Se las 
These 
hy pothe sis of 


through 
filters 
tend to support the 


cent after filtration 


candles and Seitz ek obser 
vations 
Boroff * 


nussociated 


that the toxic fraction is intimately 
with the 


when intact cells are 


bacterial eytoplasm 
filtered out 
The 


and 


and, thus 


a severe drop in toxicity results 


Classical distinction between exotoxins 


945 
Grouy 1 da d ida 
| 
1 dose 
ntraperitoneally 
lf 
dose 4 
160 | 
1 dose 4 5 
if 
‘ 
d i 
act 
beutaneou 
if 
M 
14-da 
halle ‘ l 
( 1-4 
id 
- ‘ re hallenged intraperitoneally 
Phe of the toxin used tl l4da sllenge ‘ l the i ‘ toxin used for t 
i” enge va 
mi. pers dose ida 
The no e ere mmunized wit) j i 
he 1 f ng the fi hree d 
| = 
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endotoxins may be more artificial than pre 
viously assumed 
SUMMARY 
Several factors concerned with the prep 
aration and laboratory evaluation of Clos 
lridiunm botulinum toxoids 


type ( were 


studied 

] Under the conditions of these exper! 
South Africa (sa) appeared 
to produce more stable toxin than did othe 


toxigenic 


ments, stram 
Strains 
Formalinized whole-culture 
porated with an aluminum adsorbate 


suspen 


atoxivenic strain meor 


were 


mice 


}) In general, toxins produced in dialy 


sate 


systems had higher titers and yielded 


more immunogenic toxoids than did toxins 


obtained from nondialysate systems 


1) Kor toxin and toxoid preparation, a 
medium similar to that deseribed by Cat 
della et al 


tory 


was found to be more satisfac 


than a modification of the Sterne and 
Wentzel medium 
Mice be 


perimental animals for evaluating type « 


were found to excellent ex 
botulinum toxoid preparations 
6) The 
toneal routes 
effective for 
A 


tion 


and 
to 
mice 


subcutaneous intraperi 


were found be equally 


Zing 
l4-day interval 
challenge 


between vaccina 
suffi 
to demonstrate the full immunity 


and was apparently 


erent re 

With the toxoid 
threshold of 


appeared to be 


Spotise 


preparations used 


the 


the 


0.5 ml 
toxord was given in one or two doses 
Toxoids that protect mice against 
than 40.000 lethal doses of type ( 


respon 


whether 


nore 


botuli 


\ 


Np G. Wir 


have been 


methods and eriteria described 


num toxin 
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A New Species of Brucella Isolated from the Desert 
Wood Rat, Neotoma Lepida Thomas 


HERBERT G. STOENNER, D.V.M., 


Hamilton, 


Bendtsen ef al., 
Brucella 


relationship 


IN A RECENT 


natural 


REPORT, by 


infection of hares with 


suis and the epizootiological 
between leporine and porcine brucellosis in 
Denmark their paper 
the literature on brucellosis in 
Kurope rather completely 
Other 
from rats which were collected on premises 


were deseribed In 
leporine 
reviewed 
Brucella 


Was 


workers have recovered 


where brucellosis was prevalent in cattle 
The purpose of this report is to deseribe a 
new species of Brucella isolated from the 
desert wood rat, Neotoma lepida Thomas, 
a rodent whose habitat is almost completely 
The name, 
this 


isolated from domestic livestock 
Brucella 


orvahisit 


neolomae, is proposed for 


lep da were made in the Great 
Utah 


and 


Specime ns were tukel 


were immediately frozen 
ithanasi usses were transported to 
aborator refrigeration ind 
thawed 


triturated 


until 
Pooled 


of portions of the 


preparator for ¢ 
tissuc Suspensions 
lungs, liver, spleer 
rats, 
of each 
After 


the plates 


were cultures 
nsion 


four days 


recommended in the 


Methods fo Culture 


Study of 


ere employed in the identifieation 


er, certain exceptions are noted 


broth base pu 7 
bacto 


studies, a 
composition was used 
ehloricds Gm.: di 
distilled 


trates 


sodium 
LO Gm ind water, 
ub 


oncentration and phenol red 


were idded 
itor Initial fermentation 


yar lucation and 
Health Institutes of 
Institute of Allergy and Infe« 

Hamilton 
Army 


National 
tious Dis 
Montana 
Chemical 
CD4-44545 with the 
Health Service, De 


fare, Hamilton 


ntain Laboratory 


ipported under 


Agreement Order 


«staff 


and DAVID B. LACKMAN, Ph.D. 


Vontana 


re conducted im 


taining 10.0 ml. of mediun 


To further evaluate the change in 


occurred in dextrose, galactose, leyvulose, 


nose, and Xylose, fermentation reactions 


peated in 20- by 150-mm, tubes containing 


of medium For each strain, three tubes of 


sugar were inoculated with mm. loopful 
heay suspension of 


ind 14 days postinoculation, wv pH of unaltered 


in cleetropoten 


organism At four 


cetermined 
tubes of base with LF) 


living cultures was 


trometer Uninoculated i 
base without incubated under 


strates and sugars, 


the me conditions, were used as controls 


Hydroget ilfide, produetion during grow 


try ptose igur menusured daily with trip 


filter paper impregnated with | 
train 19 


cella abortus 
litensis i M were user 


ind Brucella m 
ontrols in comparative 
tent and biochemieal re 


irious studies, st of B neo 


(strain 


intigens 
Before 
fomae 
three 


icella were determined 


test In all test 


ibove speck of Br 


icriflavine 


be smooth by the 


is- to 72-hour growth on tryptose gar wa 
for inoculum 
Scensitivit to tluated b 


Dilution 


aniline 
method recommended by Huddleson 
100,000 of thionin ( 
dye content 
ition 9 
lye content 
ealeulating dilutions 
composition of 
tired 
thie ib 


orptior 
ion t Since Br. suia i 


intigenical 
vith Br. abortus when compared | 
deemed unnecessary to inelude th 


in this experiment Antiger 


were prepared according f i follow 
dure A 72-hour 
removed by washing 

After a 


bacterial elumps and 


growth on tryptone 

formal 
which 


that 


with 0.5 per cent 


slow centrifugation 
particles of 
of each 


tock 


per cent 


antigen was adjusted so 


suspension diluted in 10.0 ml 


light transmittance when men 


a Klett Summerson colorimeter 
vith a No. 42 filter 
organism were prepared b 


with two LO ml 


equipped 


Antiserums against each 
immunization of rat 
bits doses of 


i milky suspension 


of viable cells given intravenously at a seven-day 
interval: rabbits then 
weeks after the 


fold 


were exsanguinated two 


second injection, Aliquots of two 


dilutions of each antiserum were mixed with 


arab 
wel re 
15 
4 
acetat 
6 
Ho 
( tier N i 
Salt Lake Desert 
ive 
ifter 
the 
held 
of 
il il tiol 
consisting 
nad 
ind 4} ‘ f m it 
irface 
tryptose yar plate 
Masset procedure 
Manua 
tinat 
Bact 
H Did, hin tent 
it forn 
used in this stud 
of ti ng 
trypt ng pro 
ose in 
phosphate 
liu | 
! 
| Soitz-f 
fon r cent ¢ 
mo t} 
ine ! 
densit 
A far Put Le 
ane Re Mc 
I 
Koek Mountain Laborator Pul 
partment of Health, Education, and Wel a! 
Montana 
Collection f N lepida syn mens b the HE of the 
of Uta Salt Lake Cit ar ratefu 1 
O4 


445 


in equal quantity of each of the three intigens 


ind incubated for four hours at 37 C, and then 


overnight at 4 ¢ After agglutinated bacteria were 


removed by centrifugation, the absorbed serum 


is tested for residual agglutinins 
infection with 
Rocky Mountain 


and guinea pigs, procured from 


To determine suseeptibility to 


neotomar white Swiss mies 


iboratory strau 


il breeders, were inoculated intraperitoneally 
cells, 
bled, 


pool of lungs, liver, kid 


decimal dilutions of a suspension of 


Six week ifter inoculations, animals were 


killed, and a triturated 


ie ind spleen of each animal was cultured on 


Kive strains of Br. neoltomae 


covered from 36 pools of tissue from N. 


were re 


lepida, representative of 108 animals. These 
isolates are designated as follows: 533, 
6D152, and 5G239. The 
serological status of the animals had not 
the time when the ma 


Hence, 


cultures were made from aliquots of sus 


been determined at 
jority were subjected to necropsy 
pension frozen at the time they were origi 
nally tested for various other pathogens 
Ilowever, at the 
examined, agglutinins against Brucella had 


time specimen SK3S3 was 


already been detected in the serum of this 


animal. Krom organs of this rat, cultured 
individually, an isolation was made only 
liver 

The organism 
isolation 


from the 


grows aerobically and 


inereased tension is not required for 


primary Maximum growth on 
incubation ; 
$2 


growth 


slants is obtained at 37 C 
is delayed at 8OC., and at 
inhibited. Very little 
tryptose agar incubated 


vrowth 
yrowth 1s 
occurs on ana 


TABLE 
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erobically and, in agar shake cultures, 
growth is restricted to the medium within 
2 mm. of the surface. On 
plates inoculated with infectious 
suspensions, growth appears after incuba 
After six days of 
reach a 
Colonial morphology 


tryptose agar 
tissue 
tion for three days 


incubation, isolated colonies 


diameter of 3 


may 
mim 
of this organism is similar to that of other 
Brucella. Colonies are convex, amorphous, 
their 
semitranspar 


smooth, glistening, and edges are 


entire. Young colonies are 
ent and appear uniformly opalescent when 
viewed with transmitted light, 
older colonies distinetly 


whereas 
develop brown 
centers 

Brucella is a 
organism. In eul 


The newly isolated non 


motile coccobacillary 


tures grown on tryptose agar for three 


days, cells approximately 0.6 in 


diameter by 0.6 to 14 ,» in length. It is 


are 


vram-negative and, like other Brucella, the 
organism also retains the basic fuchsin of 


Macchiavello stain. No flagella 
endospore could be demonstrated with ree 


capsule, 


ommended stains.' 


Brucella 


dol is 


neolomase does not produce in 
Vou ~ Pros 


nitrates are 


negative to the 
methyl red tests; 
nitrites 


kauer and 


reduced to Gelatin is not 
fied 
With 


are positive 


lique 
remains unchanged 
Bauer’s urease test,'’ all five 
after ten 
Maltose, sucrose 


and litmus milk 


strains 


minutes of ineu 


bation lactose, raffinose 


salicin, melezitose, rhamnose, trehalose, in 
ulin, inositol, sorbitol, mannitol, and glye 


erol are not fermented 


A moderate amount of acid without 


ras 


galactose, dextrose, and 


Was produced it 


Comparison of pH Changes Produced in Selected Carbohydrates by Three Species 


of Brucella and Five Isolates of Brucella Neotomae 


pH of mediun 


rK 
neotomar 
neotomae 
(SE1266 
neotomar 
Rr. neotomar 


controls 


incubation at 


Resut 
after indicate ( 
‘ t it 
finalact Lu one I) tr 
HMrucella 
/ / fi i 4 i i l 1 
VOA 
Br. meliten i i 69 
16M 
64 64 on 6f 6.5 6. 6.4 640 6F 64 6.4% 6.4 ; 
69 66 € an ¢ of 6.4 69 6. 6 6.4 € 
“4 6 orn ¢ 66 ¢ 6.9 6 6 6.4 4 
64 61 66 6 6.4 6.9 66 64 6m 4 
LU nino ated 4 6.9 6.9 6.3 7 aa 
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TABLE 2—Comparison of the Sensitivity of Five Isolates of Brucella Neotomae with the 
Sensitivity of Typical Species of Brucella to Thionin and Basic Fuchsin 


melitensia (16M 
neotomae 
neotomae (5h 1169 
neotomae 
neotomae (61D 1 


neotomae 


nd at 


arabinose (table 1 Although the final propriate dilutions of Br. neoltomae anti 
pHi of levulose and xylose at 14 days after serum were completely removed by absorp 
inoculation with Br. neotomae was only tion with Br. abortus antigen and = vice 
slightly lower than that in uninoculated versa. However, agglutinins in Br. mel 
tubes of control sugars, the pll of thes fensis antiserum were not completely re 
two sugars inoculated with three known moved by absorption with Br. abortus or 
species of Brucella was significantly higher Br. neotomae antigen 

The final pH of sugar-free, tryptose base Based 
inoculated with three recognized species of 


on limited titrations, the intra 


peritoneal dl lor mn was termined 


Brucella was more alkaline than the same tg be fy to three organisms. whereas a 


medium inoculated with Br. neotomae comparable dose for guinea pigs was about 


this increased alkalinity may possibly re a hundredfold greater. The organism was 


lect differences in the ability to deaminate — pegularly recovered from mice and guinea 


amino acids in the base With the ex pigs for 42 days after inoculation After 


ception ol arabinose inoculated with Br 60 days postinoculation ome guinea pig 


suis, the pil of other sugars inoculated had cleared their tissues of the organism 
but others remained infected for 150 day 


the longest interval tested (ire pathe 


with the three recognized species of Bru 
cella remained above the pH values of un 
moculated control sugars 
. , " logical changes in infected mice and guinea 
Production of IS on tryptose agar by 
strains of Br. neotomae was similar to that 
of Br. suis (fig. 1 Slightly less H.S was DAYS INCUBATION AT 37°C 
SPECIES _ 848 


24-hour riod but, thereafter, the amount (19-264) 


and duration of H.S production 


formed by Br. neotomae during the first 


sentially the same as that of Br. suis 
Results of dye sensitivity tests (table 2 
vere obtained with freshly isolated cul 
tures of Br. neotomac. These cultures were 
inhibited by dilutions (1:100,000) of thi 
onin and basic fuchsin that are usually 
recommended for the typing of Brucella 


Ilowever, the sensitivity of subcultures of 


strains 5G239 


and 5K33 changed during 
cultivation on tryptose agar for five and 


nine months, respectively. After such pro 

longed cultivation on artificial medium, (01806) 

these subcultures were partially inhibited 

by a dilution of 1:.50.000, but they were 

not inhibited by a 1:100,000 dilution of ora . 

thionin 
The results of cross absorption tests (ta 

ble 3) clearly indicate a close antigenic (90259) 

relationship between Br. abortus and Br 


Fig. 1—Comparison of the H.S production of five 
isolates of Brucella neotomae with that produced 
two and Br. melitensis. Antibodies in ap by recognized species of Brucella 


neotomae and a dissimilarity between these 
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i 
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TABLE 3—Cross Absorption of Brucella Meli 
tensis, Brucella Abortus, and Brucella Neotomae 
Antiserums with Their Respective Antigens 


Kesidua 
atir 
againeat 
rhed 
Ant rum Dilution t \ iB ( 
melitensia 1:4 \ 16 
Kir. melitensi 1 ) j 0 
melitensia 1:16 \ 0 
melitensis 1:4 64 
Kir. melitensia 1: ; 
melitensia 1:16 16 
lir, melitensia 1:4 ( 
ir, melitensis 1:16 ( 16 
/ i/ rluea \ 
abortua 1:16 
ity af vt 
ahbortua 1:16 
diy if rlu { 
aborts i¢ ( 
lir, abort ( 
neotomae 126 
neotomae j 
neotomae 1:4 
neotomue 1.4 “ 
liv, neotom 
neotomae i 4 
itr, neotoma ( 
ir n tow alin ‘ 
\ ii melilenaia Ib Ii abort ( ne 
tomae Keciprocal of titer of absorbed serut filutior 
pigs were minimal. Although testicular 


mul 
tiple necrotic foci, such as are found in 


abscesses were occasionally observed 


livers and spleens of guinea pigs infected 
with any of the 
Brucella, were infrequently observed. In 
immature 


three common species of 
lepida which were infected 


by ingestion or intraperitoneal injection 


of organisms, no significant gross patho 
Details of 
studies on the pathogenesis and pathology 


of Bi 


animals will be published later 


logical changes were observed 


neotomae infections im laboratory 


DISCUSSION 


Cultures of Brucella are usually 
on the bases of CO 


typed 
requirements, 
ity to dyes, HS production, and agglu 
tination in absorbed antiserums. Based on 
these criteria, the organism isolated 
Vie pida more closely resembles Br 
than either Br. melitensis or Br 
Brucella neotomae is antigenically similar 
to Br. suis or Br, abortus, U.S production 
is similar to that of Br. suis, and increased 
CQO, tension is not required for primary 
isolation, but Br. neotomae is inhibited by 


from 
Sitis 
abortus 


and D. B 
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LACKMAN 


concentrations of thionin which do not 
affect Br 

An outstanding characteristic which dis 
tinguishes Br from the three 
common Brucella is the ability of the 


former to ferment certain carbohydrates. 


SUIS. 


neotomae 


Acid production in xylose, arabinose, glu 
cose, levulose, and galactose by five ‘solates 
of Br uniform 
in pH in the above sugars differed signifi 
cantly from those produced by typical spe 
Brucella. In addition to the three 
strains of common Brucella listed (table 
1), two typical strains of Br. abortus and 
two typical strains of Bi were tested 
for their ability to ferment carbohydrates 
With exception of the production of acid 


neotomae was Changes 


of 


in arabinose by the two strains of Br. suis, 
the pH of inoculated sugars after 14 days 
of incubation was consistently more alka 
line than that of uninoculated controls 
The greater infectivity of Br. neotomas 
for mice than for guinea pigs also distin 
vuishes this organism from other Brucella 


Although avatlabl 
ceptibility of white 


information on the sus 


mice to infection with 
Brucella is rather 
accepted that 


ceptible than mice 


meager, it is generally 


riled pigs are more SUS 


Since colonial and cellular morphology, 
and most of the bio 
chemical properties of Br 
similar to those of By 


antigenic composition 
neolom@e are 
abortus or By Sits, 


it is illogical to assign the organism recov 


ered from A lepida to a genus other than 
Brucella. Fermentation reactions in dex 
trose, levulose, xylose, arabinose, and ga 
lactose ; dye sensitivity pattern and com 
parative infectivity for mice and guinea 
pigs differentiate Br. neotomae from the 
three Common species of Brucella 
SUMMARY 
] Kive strains of an organism, for 


which the name Brucella neotomae is pro 
posed, were recovered from Neotoma Le pida 
collected in Utah 

Z these 


compared with properties ot three recog 


Characteristics of strains were 

nized species of Brucella 

3) Colonial cellular morphology, 
and most of the bio 

of B) 

members of the 


and 
antigenic composition 
chemical properties neotomae 
similar to 


Brucella ; 


are 
re 
some genus 


however, the isolate from A 


lepida produces acid without gas in dex 
trose, levulose, xylose, arabinose, and ga 
lactose: is sensitive to both thionin and 


New Srecies FROM Desert Woop Ra‘ 
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basic fuchsin; and is more infective for 
tion hara 
mice than for guinea pigs Detection 
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Propagation of Virus Diarrhea Virus 
of Cattle in Tissue Culture 


K. M. LEE, M.D., Ph.D., and J. H. GILLESPIE, V.M.D. 


Ithaca, New York 


THE ORIGINAL publications by Olafson and 
co-workers,''* and subsequently by Baker 
and his co-workers,® have shown that virus 
diarrhea of cattle is a clinical entity which 
is caused by a specific virus. The concen 
tration of virus in the cattle tissues that 
tested was uniformly low. In this 
work, the effects and concentration of virus 
in bovine embryonic tissues were studied. 


were 


MATERIAI AND Merrion 

Virus Used The cattle passage of strain 1 
virus diarrhea isolated in New York State Wiis 
used in this study A 10 per cent suspension of 
spleen from an infeeted animal was made with a 
glass grinder and 0 mi. used to initiate transfers 
of virus in bovine embryonic skin-musele tissue 
using the chieken clot method 


To 
in another 
of undiluted fluid phase 

of 


the ind to observe effects 


tissue 


procedure 
different 
from the 


propagated in 


prepared in a manner, 


O.2 ml twentieth 


transfer virus embryonic skin 


musele tissue was inoculated into tubes containing 


embryonic bovine kidney cortex prepared after the 
manner of Dulbeceo and Vogt.’ 

Vethod of Culture Roller tube cultures were 
prepared with minced fragments of skin-musele 
tissue embedded in elotted chicken plasma after 
the method of Enders Skin-musele tissue was 
obtained from bovine embryos 1 to 3 months of 
ug Seven to 14 fragments introduced into each 
tube provided satisfactory growth of cells. The 
first medium used to propagate the cells was a 
fluid composed of bovine amniotie fluid (90%), 
inactivated horse serum (5%), and bovine embryo 
extract (5% Phenol red in a coneentration of 
15 myg./1,000 ml. was added. Penicillin and strep 
tomyein were added so that the final concentration 
wis LOO units and 100 wg. per milliliter, respec 
tivels Fluid was changed at two to four-day 
intervals, In this medium, luxurious cell growth 
was achieved, The cultures obtained in this medium 
were used for all transfers exeept 12 to 17. For 
these transfers, the medium consisted of Earle’ 
balauneed alt olution lnectalbumin 
ind inaetivated horse serum with 
100 units of penicillin and LOO) wg. of strepto 

From the Veterinary Virus Research Ineatitute New 
York State Veterinary College, Cornell Universit Ithaca 
Lee if now vVeterinar consultant United Nations 
Command, office of the economic coordinator for Korea 

This investigation was supported by a research grant 
{[E-83(C6)| from the National Institute of Allergy and 
Infectious Diseases of the National Inetitutes of Healtl 
U.S. Public Health Service 


mycin per milliliter Although satisfactory cell 
growth was achieved in this medium, the extent 
of growth was less than that in the first medium 
After inoculation of virus, tubes were placed in a 
roller drum for ineubation at 37 ©. Serial trans 
fers of virus to fresh tissues were made at inter 
vals ranging from seven to 14 days by inoculation 
of 0.2-ml. amounts of supernatant fluid that had 


been pooled and centrifuged 
The 


trypsinization method of Dulbecco and Vogt 


was used to prepare the embryonic bovine kidney 
cortex cells, The embryos were 1 to 7 months old. 
The same medium used for passages 12 to 17 
of skin-musele, tissue-cultured virus was also used 
to initiate growth of cells at 37 ¢ After five to 
seven days, the fluid for maintenance of cells was 
replaced with the same medium except 1 per 
cent inactivated horse serum wa ised instead of 
10 per cent. One series of virus transfers in cul 
tured cells was made at five-da intervals by in 
oculation of O ml. of centrifuged ipernatant 


fluid that had been pooled from four tubes, repre 


senting twentieth virus transfer in kin-musele 
cells Another series of similar virus transfers 
vas made at eight-day intervals. The tubes were 
placed in roller drums or tissue culture racks for 
ineubation at 37 C, On occasions, it has been nee 
essary to store the tissue-cultured virus under dry 
ice refrigeration, 

Tests for Virus The fluid phase of the eleventh 
virus transfer produced in skin-musele, tissue 
cultured cells was tested undiluted and the twen 
tieth passage wus te sted in dilutions of 10 to 10 
in eattle One calf was inoculated intravenously 
with 1 ml, of eleventh transfer and 2 calves were 
inoculated intravenously with 1 ml. from each 
dilution of twentieth transfer 

The fluid phase of fifth virus transfer in bovine 
kidney cells that had been ineubated for eight 
days was diluted 1:100 and 1 mil. was inoculated 
into | ealf The fluid phase of the tenth virus 
transfer in bovine kidne cells for eight 
days, and of the fifteenth virus transfer in bovine 
kidney cells ineubated for five da , Were titrated 
in cuttlhe The dilution inoculated ranged from 
10 to 10 with tenth transfer and from 10 ind 
1 ith fifteenth transfer. One nu iter of each 
dilution was inoeulated into | anin 

Preinoculation blood eruu miple vere ob 
tained from all test ealves and dail total leuko 
evte eounts were made on each test ealf Tem 
peratures were taken twice dai ind ich animal 

is Observed for signs of Hess After 14 days, 
each animal was bled for convaleseent serum and 
inoculated intravenously with 1 ono of a 10 per 
cont suspension of spleen taken from a ealf show 


il 
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Daily 


illness and 


ing typical signs of illness examinations 


were made for signs of temperatures 


were taken twice a day for two weeks 


RESULTS 


Virus diarrhea virus has been carried 
for 20 serial transfers in skin-musele tissue 
culture and 15 additional transfers in em 
bryonic bovine kidney cells. During the 
course of this study, cultures inoculated 
with virus have been examined and no cyto 
pathogenic effects in cells were observed in 
either type of tissue culture system 

The calf inoculated with eleventh tissue 
culture, fluid passage, showed signs of ill 
ness. The calves that were inoculated with 
the 10 *, 104, and 10°8 dilutions of the 
twentieth tissue-cultured virus showed 
signs of illness as did 1 of 2 calves given 
10° dilution; the other, and the 
given the 10° dilution, did not show 
When given cattle test virus 14 


2 calves 
of illness 
days later, none of the calves that reacted 
virus showed 
illness, indicating that they were Immune, 
while the that 
illness after injection 


r 
of 


to tissue-cultured 


showed no signs of 


with the 


calves 
tissue cul 


tured virus dilutions sickened after in 
oculation with cattle test virus 
The calf given the 1:100 dilution of 


fifth virus transfer in bovine kidney cells 
showed the usual signs of illness. The tenth 
virus transfer that was incubated for eight 
days produced signs of illness in the calf 
given the 10° dilution of 
fluid. The 10° and 10° dilutions elicited 
no reaction. The fifteenth transfer in 
bovine kidney cells incubated for five days 


tissue-cultured 


produced signs of illness in the calf given 
the 10° dilution, but not in the calf given 
the 10°° dilution. None of the calves that 
reacted to. tissue-cultured virus 
signs of illness when given cattle test virus 


showed 


14 days later, proving that they were im 


mune. The calves that displayed no signs 
of illness after injection with tissue-cul 
tured virus dilutions became ill when in 


jected with cattle test virus 


DISCUSSION 


The evidence found by these experiments 
that the virus of virus diarrhea 
reproduced itself am vitro when cultivated 


The 


indicates 


in suitable tissue cells and medium 


PROPAGATION OF VirUsS DIARRHEA 


953 


the original material 
rule out conclusively the 
presence of original virus. The virus propa 
gated in cultures retained its virulence for 
cattle, for when it inoculated intra 
venously, typical illness followed 


final dilution of 


sO great as to 


was 


Was 


It seems to be of significance that the 
concentration of virus in. tissue-cultured 
virus ranged from 10° to 10°, In contrast, 
the concentration of virus in tissues from 
infected animals usually was 10° to 10* 
The reason for this difference is not clear 
at present, but may be answered by further 
studies 

Since the concentration of virus in cul 
tures of bovine embryonic tissue is as high 
as 10‘, it may be possible to produce suit 
able antigens in tissue culture for use in 
The need for a 

this and its 
This is especially true 


serological st udies 


test 
prevalence Is great 


sero 


logical to study disease 
now, since there is so much confusion sur 
rounding the diarrhea 
complex of cattle in the 


so-called ‘‘ virus 
mucosal disease 


United States 


SUMMARY 


A strain of 
cattle in 


virus diarrhea virus isolated 
New York State 
for 20 consecutive 


from has been 


Maintamed passages in 
bovine embryonic skin-muscle tissue pre 
roller 


and for 15 


pared in tubes by the plasma-clot 
further transfers in 
embryonic bovine kidney cortex cells pre 
Multiplication of 
Virus was not associated with conspicuous 
cytopathogente effect on cells, but 


method 
pared by trypsinization 


Virus 


apparently was maintained at viru 


lence, The concentration of virus in fluid 
from these tissue-cultured cells ranged 
from 10° to 10! 
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Infection of Laboratory Mice with Salmonella Kentucky 


GEORGES H. WERNER, Ph.D. 


Philade Iphia, 


col 


Krizoorics of Salmonella 
onies of laboratory 


Infection in 
mice are of frequent 
occurrence and of considerable concern to 
the breeder and to the laboratory worker 
Two Salmonella species are commonly in 
criminated in the etiology of 


phoid 


mouse ty 
Salmonella typhimurium and Nal 
monella enteritidis (Gaertner and Danysz 
varieties). This is a report of a sporadic 
infection of a laboratory mouse 
different Salmonella Nal 
monella kentucky, never hitherto isolated 


case of 
with a species, 
from mice 

strain and 
her 7-day-old litter of 6 were found dead 


A female’ albino mouse 


five days after the suckling mice had re 
ceived an intraperitoneal inoculation of a 
human which free of 
Necropsy of the adult 
mouse revealed the presence in the liver of 


stool specimen Was 


bacterial pathogens 


a large number of white, circular lesions, 
1 to 2 mm. in diameter, with a gray 
ish center. The lesions were found in the 


whole liver parenchyma as well as on its 
surface They were not observed in 
other organ of the adult mouse nor in the 
livers of the suckling Plating 
horse blood agar of a suspension of 
adult mouse liver led to the 
two types of colonies: one type was found 
to be the 
and the other one, predominant in 
ber, was identified further as S. kentucky 
Vill], XX: 1 
Nalmonella kentucky has been isolated 
in the past from the intestinal tract of a 
chick,' 


any 
mice on 
the 
isolation ot 
organism of Proteus 


an yroup 


antigenic formula 


during an outbreak of enteric in 
from a human 
and from spray 
dried According to Kdwards Kn 
teric Bacteriology Laboratories, Communi 
cable Center), kentucky is 
found oceasionally in 


fection in camels in Israel, 
case of gastroenteritis, 
egys.* 

Disease 
infections of man 
and, fowls but has never been isolated from 


mice or rats 
At the time of the tsolation deseribed 
From the Department of Microbiolog n Medicin 
school of Medicine and School of Veterinar Medicin 
University of Pennsylvania, Philadelphia 
The author is indebted to Dr. 1. Olitzk of the PI 
idelphia Department of Health, for his kind a tans 


nthe rological identification of this orgar 


Pennsylvania 


there 


due to S 


above, was no evidence of an 


other 
Salmonella strain, in our laboratory mice 


demic kentuck or any 


colony This lack of spread within a col 


ony kept in crowded conditions was in 


contrast with the known high epizooticity 
of NS enteritidis and 
to study the 


kentucky for our lab 


typhimurium and S 
therefore, 
pathogenicity of NS 


it Was, decided 


oratory mice, 
It was found that intraperitoneal inocu 


lation of an undiluted broth culture of S 


kentucky killed adult albino mice in 18 
hours or less, a facet which points to the 
presence of an active enterotoxin, Subcu 


the same broth cul 
ture led to death in three to four days; 
foval 


val 


taneous imoculation of 


lesions were not observed in any or 
Attempts were then made to repro 
duce experimentally the natural disease by 
various routes of infection. Prolonged oral 
administration of S. kentucky by mixing a 
broth culture of the organism with the 
drinking water of the mice led to no ap 
disease the Salmonella could 
cultured the liver and other 
Dropping a suspension of S. ken 


parent and 


be 


viscera 


not from 
lucky into the eves of the mice produced 
but 
no evidence of dissemination of the organ 
Intranasal 
followed by death in one to four days, with 


conjunetiVitis In a few cases, there was 


ist inoculation of 6 mice was 


marked congestion of the lungs; 1 of the 
mice survived and, on being killed six 
weeks after the intranasal inoculation, S 


kentucky could be 
which, 


cultured from the liver 
however, was free of macroscopic 
lesions 

Six other adult mice received an inocula 
of 0.05 ml broth culture of S 
hentucky into hindfoot pad. Marked 
swelling and hy peremila of the foot and the 
leg were observed and subsided about four 
after the These mice 
no other sign of disease, with the 
Was prostrate 


tion of a 


one 


weeks inoculation 
howed 
exception of 1 mouse which 
and cachectie and died on the twenty-ninth 
day after 
be cultured from its liver, but 
sions were observed in 


kentucky could 
no focal le 
One of 
the 5 other mice inoculated in the foot pad 


inoculation; S 


this organ 


INFECTION OF Mick wittt 


was killed six weeks after inoculation; the 
liver showed no macroscopic pathological 
changes but contained S. kentucky in pure 


culture 


It is 
to a lesser extent, S. enteritidis are capable 


known that S. typhimurium and, 


of infeeting laboratory mice when intro 
duced the oral the 
routes, a fact which explains the marked 


As 


kentucky seems 


by or conjunctival 


power of spread of these two species 


has been shown above. N 


unable to establish infeetion (as distin 


what seems to be purely 


di 
to 


guished from 
toxic effects introduced 
rectly into the tissues. It is, therefore, 
be expected that this organism will not be 
of 


unless it is 


a cause widespread typhoid in mice 


colonies 


SALMONELLA KENTUCKY Yoo 
The strain of S he nhuch isolated from 
the mouse was readily inhibited im vitro 
by chlortetracyeline Aureomyein), chlo 
ramphenicol Chloromycetin dihydro 
streptomycin, and oxytetracyeline (Terra 
myein 
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Isolation and Identification of the Phenothiazine Urinary 
Conjugate in Dairy Cows 


T. ELLISON, M.S.; A. C. TODD, Ph.D.; J. HARVEY, Jr., Ph.D. 


Madison, Wisconsin, and Wilmington, Delaware 
UKINARKY ELIMINATION products of pheno- acid was added slowly to the ether extract . 
thiazine have been investigated in the to precipitate any proteinaceous materials 
sheep, horse, pig, dog, rabbit, rat, calf, and which had been removed by filtration. The 
man . ether was evaporated from the filtrate and 
Dekds et al.” reported elimination products of the residue was recrystallized four times 
phenothiazine in the rat, rabbit, and in man after from 95 per cent ethanol The crystalline 
oral administration of the drag. Investigations in product was dried in a vacuum under 
heep were conducted by Lipson” and Swales ef pressure, 15 |b./sq. in.) at SO ¢ The final 
al Isolation and identification of a urinary con » 
the malt of thy erystalization gave an excellent yield of 
etheral sulfate of 3-hydroxyphenothiazine ae sheaves of colorless needles 
complished b Collier ind) Collier \ ! ind Lie nlification The melting point ol the 
Swale Benham’ identified an elimination eon crystalline urinary elimination product 
jugate im rabbit the glucuronic acid conjugate was determined in a special melting point 
of thionol, A conjugate of phenothiazine and a apparatus built in this laboratory. The 
poly peptide is identified in the urine of young temperature increment of the silicon oil 
calves by Clare et at bath used in the apparatus was controlled 
hs reports are available on the metabolism of » 
‘erik at the rate of a 2-degree (4 rise per min 
phenothiazine in dairy cows. The investigation re ai 
ported here coneerne the isolation of phenothia ute. The conjugate did not melt sharply e 
zine urinary elimination product in dairy cov but darkened between 216 to 220C, On a 
ind its identification the potassiun t of th Kisher-Johns me lting point block, the con 
ethereal sulfate of 3-hydroxyphenothiazir Jugate darkened at 220 ©, and decomposed 9 
without melting at 240 to 265 C. Samples 
MATERIAL b of the purified bovine urinary produet 
Lactating Holstein-Friesian dais vere were subjected to elementary analysis 
given 100-Gm, doses of phenothiazine Their hound Carbor ( lroges 7 nitro 
ration consisted of oO lb. of ground ind gen, 4.58 sulfur } te 
falfa ha offered d ibitum Found Carbon, 4 j ] } rowel »4 
Urine w collected at intervals for the first 48 hitrogen, 4.454 ilfur 9.11, 19 
hour fter administration of the drug Phe urine ish is ilfate), 26.11 
tored in large carbo nd held ina refrig Caleulated for Cy,H.O SK ( hor } 
erated room at 5 to 10¢ for three da to hydrogen, 2.42; nitrogen, 4 fur. 19.23 ash 
promote the formation of a bulky, light-eolored s sulfate), 26.13 
precipitate. The bottle was tightly stoppered to The infrared spectrum of the urinary 
reduce oxidation of the urine conjugate (graph 1 in contrast to that 


—o of phenothiazine, showed several intens 
bands in the region 7.8 to 8.6 which are 

Isolation,-The precipitated urine was — considered typical of sulfates. Otherwise, 
filtered with the aid of Celite 503 upon a the spectrums of the two compounds are 


large Buehner funnel, at 5 to 10€., to nearly identical, with the exception of 


prevent excessive breakdown of the elimi minor differences attributable to substitu 
nation product, The residue was extracted tion on the aromatic ring in the 3-position 
with ether to remove the elimination prod leid Hydrolysis of the Urinary Conju 
uct from the filter aid. Trichloroacetic gas, Reerystallized bovine urinary con 
Thix is a joint contribution from the Department of JUgate (0.125 Gm.) was dissolved in 50 ml 
Veterinary Science (paper No. NS. 233) University of f OD per cent aqueous hydrochloric acid 
Wisconsin, Madison; and the Grasselli Chen als Depart ‘ ® 
ment, Experimental Station, E. I. Du Pont de Nemours at room temperature and allowed to stand 


and Co., Wilmington, Del 


exposed to the air in a shallow evaporating 
Published with the approval of the director of the 


Wisconsin Agricultural Experiment Station and supported 

in part by the Research Committee of the Graduate Micro Tech Laborat« 

School with funds supplied by the Wisconsin Alumni Huffman Microanalytica Laborat W heatrid 
Research Foundation Colo 
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PHENOTHIAZINE URINARY 


CONJUGATE IN Cows 


FREQUENCY 


Ps 


4 ‘ é 
Graph 1—Infrared spe 
The darkened within 


, after six hours, tiny black erys 


dish solution one 
hour an 
tals began to separate from the deep pur 
After three day s, the product 
filtration Its 


melting 


ple solution 
collected by 
weight 0.087 
point 121 to 

The product was taken up in 25 ml. of 


Was suction 


Was Gm., and its 


reagent chloroform and poured on a col 
umn of 12.0 Gm. of Aleoa F-20 
The chromatogram was developed with re 


alumina 


grade chloroform. An 
ple band moved slowly down the column 
effluent as a blood-red 
tumn was washed with 200 ml 
The 
combined effluents were evaporated to dry 
steam bath under reduced 
yielding 0.07 Gim. of 
The 


st veral 


agent intense pul 


into the solu 


The ¢ 


of 50 per cent ethanol in chloroform 


and 
tion 


ness on the 
pressure read brown 
residue product recrystallized 
from milliliters of oO) per 
aqueous ethanol to obtain 0.02 Gm. of red 


159.0 


Wits 
cent 


brown flakes which melted sharply at 
to 159.5 

Kthereal sulfates as a class are readily 
cold, by dilute mineral 
conjugate were the 


cleaved, in the 
acids If the 
potassium salt of the ethereal sulfate of 3 


bovine 


1400 


44-4 


7 
WAVELENGTH 
Graph 2—Infrared spectrum of the hydrolysis-oxidation 


(200 


7 6 9 
WAVELENGTH (MICRONS) 
trum of 


the bovine urinary conjugate 


hvdroxyphenothiazine, the initial hydrol 


product would be hydroxypheno 


thiazine which under the conditions of 


this reaction, is known to readily undergo 
air oxidation to phenothiazone 
Preparation of Phenothiazone A 


ple of crude phenothiazone (2.0 Gm 


Sat 
Wiis 
anal 


according to Bernthsen 


through a. 


prepared 
purified by 
60 Gim. of 


column ot 
A 


grade chloroform as solvent 
On the top of the column 


20 alumina, using re 


agent and de 
a broad 


W hic h 


pet 
ippeared from 
band of 
separated to clown the 
into the effluent The effluent 


the purple band was concentrated 


black brown band 


the intense purple phenothiazon 


move column and 
containing 
and re 
chromatogrammed the 
but this only a trace of the brown 
band The blood-red effluent 
solution Was evaporated lo dryness under 
bath, yield 


residue which 


same 
appeared 
reduced pressure on the steam 
(am. of 
over the 


ing O 4 red brown 


melted 
The 
boiling ethanol to yield O.1382 Gim red 
flakes 
The 


range 145 to 


product) was recrystallized from 


brown which melted at 155.5 to 


16.5 recrystallized produet was 


(Cm) 


product (phenothiazone ) 


1000 95 mo 7 
4 
ett 
16 
1 
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dried for eight hours im vacuo over phos down and elimination of the products in 
phorus pentoxide at 57 © the urine and feces, conjugation with po 
Analysi Caleulated for CywH,ONS.—Carbon, tassium sulfate, conjugation with glucu 
67.5% hydrogen, 3.4] nitrogen, 6.57 ulfur, 


15.05 The ecaleulated molecular weight of the 


product “is 12.25 

Found Carbon, 66.70; hydrogen, nitro 
gen, 6.602 ulfur, 15.52 The aetual molecular 
weight found was Rast, 212.00 


The melting point of this product 
not depressed when admixed with a sam 
ple of the product from the acid hydrol 


Was 


0S02,0K 
N 
Fig. 1—Bovine urinary conjugate 
the potassium salt of the ethereal sul 
fate of 3-hydroxyphenothiazine 


ysis of the urinary elimination 
A chloroform 


this product and phenothiazone 


product 
solution of 4 mg. each of 
produced 
intense purple band 0.16 
I-20 


chloroform as 


a singh 
when chromatogrammed on alumina 


with reagent grade solvent 


The 
ol the product 


infrared and ultraviolet: spectrums 


from acid hydrolysis and 


air oxidation of the urinary conjugate are 


identical with those of phenothiazone 
(graph 2 

As a result of these studies, it is. con 
cluded that the bovine urinary conjugate 
is the potassium salt of the ethereal sulfate 


of S-hydroxyphenothiazine (fig. 1 


Diset ION 


thiazine 


bovine urinary conjugate of pheno 
these the 
same as the urinary conjugate obtained by 


isolated in studies is 


Colher ef al. in their investigations in 
sheep 

The methods of detoxification of drugs 
in the animal body are chemical break 


ronie acid, and conjugation with poly pep 
The identification of the ethereal 
sulfate side chain of the 3-hydroxypheno 


tides 


thiazine made it Poss ble to point out th 
The pres 
sodium in the 


site of conjugation as the hi a | 


ence of potassium instead of 


conjugate structure may be due to con 


jJugation in the intracellulas of liver 


cells 


phas 


Purified 
phenothiazine wa 
of 
phenothiazine, 

The 
tified as the 
phenothiazin 


bovine urinary 
isolate 


actating dairy cows fed 


conjugate of 
from the 
100.0 


urine 
(im ot 


bovine urinary conjugate was iden 


pota um salt of 


ethereal sulfate 


-hydroxy 
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THE INDEX TO THIS VOLUME 


HAS BEEN REMOVED FROM THIS 


POSITION AND PLACED AT THE 


BEGINNING OF THE FILM FOR 


THE CONVENIENCE OF READERS 


ELLISON 


dried for eight hours im vacuo over phos 
phorus pentoxide at 57 © 
Analysis, Caleulated for ¢ 


67.58 hydrogen, 3.41; 


H,ONS Carbon, 


nitrogen, 6.57; sulfur, 


16.03. The ealeulated molecular weight of the 
product was 212.25 

Found Carbon, 66.70; hydrogen, nitro 
gen, 6.62; sulfur, 15.52 The actual molecular 
weight found was Rast, 212.00 


The melting point of this product was 
not depressed when admixed with a sam 
ple of the product from the acid hydrol 


0S0,0K 
Fig. 1—Bovine urinary conjugate 


the potassium salt of the ethereal sul 


fate of 3-hydroxyphenothiazine 


elimination 


solution of 3 


ysis of the urinary 
chloroform mg 
this product and phenothiazone produced 
0.16 


when chromatogrammed on F-20 


product 
each of 


a single intense purple band 
alumina 
with reagent grade chloroform as solvent 

The 


of the product from acid hydrolysis and 


infrared and ultraviolet spectrums 


air oxidation of the urinary conjugate are 


identical with 
) 


those of phenothiazone 
(graph 

As a result of 
cluded that the urinary 


is the potassium salt of the ethereal sulfate 


these studies, it Is con 


bovine conjugate 


of S-hydroxyphenothiazine (fig. 1 


DISCUSSION 


The bovine urinary conjugate of pheno 
the 
same as the urinary conjugate obtained by 


thiazine isolated in these studies is 


Collier ef al in their investigations in 
sheep 

The methods of detoxification of drugs 
in the animal body are chemical break 
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down and elimination of the products in 
the urine and feces, conjugation with po 
sulfate, glucu 
ronie acid, and conjugation with polypep 
The identification of the ethereal 
sulfate side chain of the 3-hydroxypheno 


thiazine made it possible to point out the 


tassium conjugation with 


tides 


site of conjugation as the liver. The pres 
ence of potassium instead of sodium in the 
conjugate structure be due to 
jugation in the 


( ells 


con 
intracellular phase of liver 


Purified bovine 


phenothiazine wa 


urinary 
isolated 
of lactating dairy cows fed 


conjugate of 
from the 
100.0 


urine 
(im. of 
phenothiazine, N.t 

The bovine urinary conjugate was iden 
tified as the potassium salt of 
phenothiazine ethereal sulfate 


hydroxy 
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